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Field of the Invention 

The present invention relates to a contact product; a 
catalyst component for addition polymerization comprising the 
contact product; a catalyst for addition polymerization using 
the catalyst component for addition polymerization; and a 
process for producing an addition polymer. 

Background of the Invention 

Since olefin polymers such as polypropylene and 
polyethylene are excellent in mechanical properties and 
chemical resistance, and excellent in balance between those 
properties and economical efficiency, they have been widely 
used in various fields such as a packaging field. These olefin 
polymers have conventionally been produced by polymerizing 
an olefin using a conventional type solid catalyst (multi-site 
catalyst) , which combines a solid catalyst component obtained 
by using a metal compound of the Group IV such as titanium 
trichloride or titanium tetrachloride, with a metal compound 
of the Group 13 represented by an organoaluminum compound. 

However , as a catalyst providing addition polymers having 
less stickiness and more excellent strength than those produced 
by the conventional catalyst, a so-called single site catalyst 
prepared by combining a catalyst component such as ametallocene 
complex or half mataliocene complex with a co- catalyst 
component for activation such as an alumlnoxane. and 



tr i(n-butyl)anunonium tetrakis(pentaf luorophenyl) borate, was 
proposed ana with respect to th single site catalyst, 
improvements for using it in an industrial scale nave been 
studied (e.g. USP 4542199, USP 5621126 and USP 5153157). 

Further, recently, a compound prepared by contacting 
diethylzinc , pentaf luorophenol and water has been developed 
as a co-catalyst component for activation, and a catalyst 
prepared by contacting said co-catalyst component with the 
metallocene complex has been proposed as a high activity 

catalyst (e.g. USP 6586356). 

However, according to the Inventor's studies, when an 

olefin is addition-polymerized with the above-mentioned 

catalyst, its polymerization activity is not completely 

satisfactory. 

Summary of the Invention 

Under the above- situations , an object of the present 
invention is to provide a contact product used as a catalyst 
component of a catalyst for addition polymerization having 
an excellent polymerization activity; a catalyst component 
for addition polymerization comprising the contact product; 
a catalyst for addition polymerization using the catalyst 
component: for addition polymerization; and a process for 
producing an addition polymer using the catalyst for addition 
polymerization . 

Namely, the present invention is a contact product 
obtained by a process comprising the step of contacting the 
following components (a) to (d) : 

(a) a compound represented by the following formula [1] 
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(b) a compound represented by the following formula [2] 
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( c ) a compound represented by the following formula 1 3 ] 
rV*T 2 H 2 [31. and 



(d) a nonlonic surfactant Having no active hydrogen, 
wherein M l Is a metal atom of the Groups 3 to 12, the Group 
14, the Group 15 or Lanthanide Series of the Periodic Table 
of the Elements; r is a valence of M 1 ; L 1 is a hydrogen atom, 
is a halogen atom, a hydrocarbon group or a hydro car bonoxy group . 
and when two or more L 1 ■ s exist , they may be the same or different 
from one another? each of T 1 and T 2 is a non-metal atom of the 
Group 15 or 16 in the Periodic Table independently of each 
other; s is a valence of . T l ; t is a valence of T 4 ; R 1 Is an 
electron-withdrawing group or an electron-withdrawing 
group -containing group, and when two or more R^s exist, they 
may be the same or different from one another; and R 2 is a 
hydrocarbon group, and when two or more R 2, s exist, they may 
be the same or different from one another. 
25 Also, the present invention is a catalyst component for 

addition polymerization comprising said contact product. 

Further, the present Invention is a catalyst for addition 
polymerization obtained by a process comprising the step of 
contacting said catalyst component for addition polymerization 
30 with a compound of a metal selected from the group consisting 



of metals of the' Groups 3 to 12 and Lanthanide Series of the 
Periodic Table, and optionally an organoaluminum compound. 

Still further, the present invention is a process for 
producing an addition polymer comprising the step of 
polymerizing an addition polymerizable monomer in the presence 
of said catalyst for addition polymerization. 

Detailed Description of the Invention 

Examples of M 1 in the formula [1] are a scandium atom, 
an yttrium atom, a titanium atom, a zirconium atom, a hafnium 
atom, a vanadium atom, a chromium atom, a molybdenum atom, 
a manganese atom, a rhenium atom, an iron atom, a ruthenium 
atom, a cobalt atom, a rhodium atom, a niclcel atom, a palladium 
atom, a platinum atom, a copper atom, a silver atom, a gold 
atom, a zinc atom, a cadmium atom, a mercury atom, a germanium 
atom, a tin atom, a lead atom, an antimony atom, a bismuth 
atom, a samarium atom and an ytterbium atom. M 1 is preferably 
a metal atom of the Groups 5 to 12, the Group 14 or the Group 
15; more preferably a metal atom of the Groups 8 to 12, the 
Group 14 or the Group 15; further preferably a metal atom of 
the Group 12, the Group 14 or the Group 15; particularly 
preferably a metal atom of the Group 12; and most preferably 
a zinc atom. 

In the formula Jll . r is a valence of M l . and for example, 
when M 1 is a zinc atom, r is 2. 

Examples of the halogen atom of L 1 are a fluorine atom, 
a chlorine atom, a bromine atom and an iodine atom. The 
hydrocarbon group of L 1 is preferably an alkyl group, an aryl 
group or an aralJcyl group. The hydrocarbon oxy group of LI 
is preferably an alkoxy group or an aryloxy group. 
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Exampl s of the above-mentioned alkyl group are a methyl 
group, an ethyl group, a n-propyl group, an isopropyl group, 
a n-butyl group, a sec-butyl group, a tert-butyl group, an 
isobutyl group, a n-pentyl group, a neopentyl group, a n-hexyl 
group, a n-octyl group, a n-decyl group, a n-dodecyl group, 
a n-pentadecyl group and a n-eicosyl group. 

These alkyl groups may be substituted with a halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom 
and an iodine atom. Examples of the alkyl group substituted 
with the halogen atom are a f luoromethy 1 group , a dif luororoethyl 
group, a trif luoromethyl group, a chloromethyl group, a 
dichloromethyl group, a trichloromethyl group, a brontomethyl 
group, a aibromomethyl group, a tribromomethyl group, an 
iodomethyl group, a dilodomethyl group, a trilodomethyl group, 
a f luoroethyl group, a dif luoroethyl group, a trif luoroethyl 
group, a tetraf luoroethyl group, a pentaf luoroethyl group, 
a chloroethyl group, a dichloroethyl group, a trlchloroethyl 
group, a tetrachloroethyl group, a pentachloroethyl group, 
a bromoethyl group , a dibromoethyl group , a trlbromoethyl group , 
20 a tetrabromoethyl group, a pentabromoethyl group, a 
perfluoropropyl group, a perf luorobutyl group, a 
perf luoropentyl group,, a perf luorohexyl group, a 
perfluorooctyl group, a perf luorododecyl group, a 
perfluoropentadecyl group, a perf luoroeicosyl group, a 
25 perchloropropyl group, a perchlorobutyl group, a 

perchloropentyl group, perchlorohexyl group, a perchlorooctyl 
group, a perchlorododecyl group, a perchloropentadecyl group, 
a perchloroeicosyl group, a perbromopropyl group, a 
perbromobutyl group, a perbromopentyl group, a perbromohexyl 
30 group, a perbromooctyl group, a perbromododecyl group, a 
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perbromopentadecyl group and a perbromoeicosyl group. 

Further, these alkyl groups may be substituted with n 
allcoxy group such as a methoxy group and an ethoxy group: an 
aryloxy group such as a phenoxy group; or an aralkyloxy group 
such as a benzyloxy group. 

The alkyl group as L 1 is preferably an alkyl group having 
1 to 20 carbon atoms, and more preferably a methyl group, an 
ethyl group, an isopropyl group, a n-butyl group, a tert -butyl 
group or an isobutyl group. 

Examples of the aryl group as L 1 are a phenyl group, a 
2-tolyl group, a 3-tolyl group, a 4-tolyl group, a 2,3-xylyl 
group . a 2 . 4 -xylyl group , a 2 , 5 -xylyl group , a 2 , 6 -xylyl group , 
a 3. 4 -xylyl group, a 3. 5 -xylyl group, a 2 , 3 , 4-trlmethylphenyl 
group . a 2 , 3 , 5 - 1 rime thy lphenyl group , a 2 , 3 , 6 - trimethylphenyl 
group , a 2 , 4 , 6 - trimethylphenyl group , a 3 , 4 , 5 -trimethylphenyl 
group, a 2 , 3 , 4 , 5 -tetramethy lphenyl group, a 
2,3,4,6- tetramethy lphenyl group , a 2 . 3 , 5 , 6 - 1 etramethylphenyl 
group, a pentamethylphenyl group, an ethylphenyl group, 
n-propylphenyl group, an isopropylphenyl group, 
20 n-buty lphenyl group, a sec -buty lphenyl group, a 

tert-butylphenyl group, an isobuty lphenyl group, a 
n-pentylphenyl group , a neopenty lphenyl group, an-hexylphenyl 
group, a n-octy lphenyl group, a n-decylphenyl group, a 
n-dodecy lphenyl group, a n-tetradecy lphenyl group, a naphthyl 
25 group and an anthracenyl group. 

These aryl groups may be substituted with a halogen atom 
such as a fluorine atom, a chlorine atom, a bromine atom and 
an iodine atom; an alkoxy group such as a methoxy group and 
an ethoxy group; an aryloxy group such as a phenoxy group; 
and an aralkyloxy group such as a benzyloxy group. 
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The aryl group is preferably an aryl group having 6 to 
20 carbon atoms, and more pref rably a ph nyl group or a 2-, 
3-. or 4-tolyl group. 

Examples of the aralkyl group as L 1 are a benzyl group, 
a (2-methylphenyl)methyl group, a <3-methylphenyl)methyl 
group, a ( 4 -methylphenyl) methyl group, a 
(2,3- dime thy lphenyl) methyl group, a 
(2,4-dlmethylphenyl)methyl group, a 
(2.5-dimethylphenyl)methyl group, a 

(2,6-dimethylphenyl)methyl group, a 

(3,4-dimethylphenyl)methyl group, a 

(3,5-diroethylphenyl)methyl group, a 

(2,3,4-timethylphenyl)methyl group, a 

(2,3,5-timethylphenyl)methyl group, a 

(2,3,6-timethylphenyl)methyl group, a 

(3.4,5-timethylphenyl)methyl group, a 

(2,4,6-timethylphenyl)roethyl group, a 

(2,3,4.5-tetramethylphenyl)methyl group, a 

(2,3,4,6-tetramethylphenyDmethyl group, a 

(2,3,5,6-tetramethylphenyl)methyl group, a 

(peatamethylphenyl)methyl group, an (ethylphenyl) methyl 

group, a (n-propylphonyi)methyl group, an 

(isopropylphenyl)methyl group, a (n-butylphenyl) methyl group, 
a ( sec -butylphenyl) methyl group, a ( tert- but ylphenyl) methyl 
group, a (n -pen tylphenyl) methyl group, a 

(neopentylphenyl) methyl group, a (n-hexylphenyl) methyl group, 
a M-octylphenyl) methyl group, a (n-decylphenyl) methyl group, 
(tetradecylphenyl) methyl group, a naphthylmethyl group and 
anthracenylmothyl group . 

These aralkyl groups may be substituted with a halogen 
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atom such as a fluorine atom, a chlorine atom, a bromine atom 
and an iodin atom; an alkoxy group such as a m thoxy group 
and dn ethoxy group; an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a henzyloxy group. 

I The aralkyl group as L l is preferably an aralkyl group 
having 7 to 20 carbon atoms . and more preferably a benzyl group. 

' Examples of the alkoxy group as L 1 are a methoxy group, 
an ejthoxy group, a n-propoxy group, an isopropoxy group, a 
n-butoxy group, a see-butoxy group, a tert-butoxy group, an 
isotiutoxy group, a n-pentyloxy group, a neopentyloxy group, 
a tert-pentyloxy group , a n-hexyloxy group , a n-heptyloxy group , 
a n-|octyloxy group, a n-decyloxy group, a n-dodecyloxy group, 
a n-^pentadeoyloxy group and a n-elcosyl oxy group. 

! These alkoxy groups may be substituted with a halogen 
aton such as a fluorine atom, a chlorine atom, a bromine atom 

and I an iodine atom; an alkoxy group such as a methoxy group 

i 

and! an ethoxy groups an aryloxy group such as a phenoxy group; 
or kn aralkyloxy group such as a benzyloxy group. 

j The alkoxy group as L 1 is preferably an alkoxy group having 
1 tio 20 carbon atoms, and more preferably a methoxy group, 
an !e thoxy group, an isopropoxy group, a tert-butoxy group, 
an Asobutoxy group, aneopentyl group or a tert-pentyloxy group. 

Specific examples of the aryloxy group as L 1 are a phenoxy 
grcup, a 2-tolyloxy group, a 3-tolyloxy group, a 4-tolyloxy 
gr<jup, a 2,3-xylyloxy group, a 2 , 4-xylylphenoxy group, a 2,5- 
xylyloxy group, a 2,6- xylyloxy group, a 3,4- xylyloxy group, 
a 3,5- xylyloxy group, a 2, 3 . 4-trimethylphenoxy group, a 
2 , 3 , 5-trimethylphenoxy group, a 2 , 3 , 6 - trims thy lphenoxy group, 
a L, 4, 6 -trlme thy lphenoxy group, a 3 , 4 , 5 -trlme thy lphenoxy 



group, a 2 , 3 , 4 , 5-tetramethylphenoxy group. a 

2,3,4,6- t etramethylphenoxy group , a 
2 , 3 , j> . 6 - tetramethylphenoxy group , a pent amethylphenoxy group . 

an jethylphenoxy group. a n-propylphenoxy group, an 

isopropylphenoxy group, a n-butylphenoxy group, a 

sec^utylphenoxy group, a tert-butylphenoxy group, an 

isobjutylphenoxy group, a n-pentylphenoxy group, a 

neoijentylphenoxy group, a n-hexylphenoxy group, a 

n-odtylphenoxy group, a n-decylphenoxy group, a 

n-tetradecylphenoxy group, a naphthoxy group and an 

antlirathenoxy group. 

I These aryloxy groups may be substituted with a halogen 
atorti such as a fluorine atom, a chlorine atom, a bromine atom 
and! an iodine atom; an alkoxy group such as a methoxy group 
and! an ethoxy group; an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyloxy group. 

The aryloxy group is preferably an aryloxy group having 
6 to 20 carbon atoms, and more preferably a phenoxy group. 

As L 1 in the above formula [1) , preferred is a hydorogen 
atojm, an alkyl group or an aryl group, more preferred is a 

hydjorogen atom or an alkyl group, and particularly preferable 

I 

is lan alkyl group. 

j Examples of the component (a) . wherein M 1 is a zinc atom. 

are a dialkylzinc such as dimethylzlnc, diethylzlnc, 

I 

di^ropylzinc, dl-n-butylzinc. diisobutylzinc, di-n-hexylzinc . 
dl^Hylziuc and bis (cyclopentadienyl) zinc; a diarylzinc such 

as ! diphenylzinc, dinaphthyizinc and 

i 

bis (pentafluorophenyl) zinc; an alkylzinc halide such as 
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methylene chloride, ethyl zinc chloride, propyl zinc chloride, 
n-butylzinc chloride, isobutylzinc chloride, n-hexylzlnc 
chloride, methylzinc bromide, ethylzinc bromide, propylzinc 
bromide, n-butylzinc bromide, isobutylzinc bromide, 
n-hexylzinc bromide, methylzinc iodide, ethylzinc iodide, 
propylzinc iodide, n-butylzinc iodide, isobutylzinc iodide 

and n-hexylzinc iodide s and a zlnchalide such as zinc fluoride, 

zinc chloride, zinc bromide and zinc iodide. 

The component (a) is preferably a dialkylzinc, further 

preferably dimethylzinc, diethylzino, dipropylzinc. 

dl-n-butylzinc, diisobutylzinc, di-n-hexylzinc, dlallylzinc 

or bis (cyclopentadlenyl) zinc, and particularly preferably 

dimethylzinc or diethylzinc. 

In the above formula [2] , examples of the non-metal atom 

of T 1 of the Group 15 are a nitrogen atom and a phosphorous 

atom, and examples of the non-metal atom of T 1 of the Group 

16 are an oxygen atom and a sulfur atom. T 1 is preferably a 

nitrogen atom or an oxygen atom, and particularly preferably 

an oxygen atom . 

in the above formula [2], when T l is a non-metal atom 
of the Group 15, s is 3, and when T l is a non-metal atom of 
the Group 16, s is 2. 

In the formula [23, as an index of the 
electron-withdrawing property, the substituent constant o of 
the Hammet's rule is known, and a functional group, in which 
the substituent constant O of the Hammet's rule is positive, 
can be mentioned as an electron -withdrawing group. 

Examples of the electron -withdrawing group are a fluorine 
atom, a chlorine atom, a bromine atom, an iodine atom, a cyano 



11 

group, a nitro group, a carbonyl group, a sulfonyl group, and 
a phenyl group. Examples of a group containing an 
electron-withdrawing group are analog nat d hydrocarbon group 
such as a halogenated allcyl group and a halogenated aryl group; 
a cyanated hydrocarbon group such as a cyanated aryl group; 
a nitrated hydrocarbon group such as a nitrated aryl groups ; 
a hydrocarbonoxy carbonyl group such as an alkoxycarbonyl group, 
an aralkyloxycarbonyl group and an aryloxycarbonyl group; and 

an acyloxy group. 

Examples of the halogenated alkyl group as R 1 are a 
fluoromethyl group, a chloromethyl group, a bromomethyl group , 
an iodomethyl group, a dif luoromethyl group, a dichloromethyl 
group, a dibromomethyl group, a diiodomethyl group, a 
trif luoromethyl group, a trichloromethyl group, a 
tribromomethyl group, a trliodomethyl group, a 
2,2.2- trif luoroe thyl group . a 2,2,2- t r ichloroe thyl group , a 
2,2,2-tribromoethyl group, a 2 , 2 , 2-triiodoethyl group, a 
2,2,3.3,3-pentafluoropropyl group, a 
2,2,3,3,3-pentaohloropropyl group, a 
2,2,3,3,3-pentabromopropyl group, a 
2,2,3,3.3-pentalodopropyl group, a 
2,2,2-trifluoro-l-trlfluoromethylethyl group, a 
2,2,2-trichloro-l-trichloromethylethyl group, a 
2,2,2-trlbromo-l-tribromomethylethyl group, a 
2,2.2-trliodo-l-trilodomethylethyl group, a 
1, 1 -bis (trif luoromethyl) -2, 2 ,2- trif luoroethyl group, a 
1,1 -bis (trichloromethyl) -2, 2. 2 -trichloroethyl group, a 
1,1 -bis (tribromomethyl) -2,2,2-tribromoethyl group, and a 
1 , 1-bis ( trliodomethyl) -2,2 , 2-triiodoethyl group . 

Examples of the halogenated aryl group as R 1 are aryl 



groups in which a Hydrogen atom of an aromatic ring in the 
group is substituted witb a halogen such as a 2 -f luorophenyl 
group, a 3-f luorophenyl group, a 4- f luorophenyl group, 
2-chlorophenyl group, a 3-chlor ©phenyl group, a 4 -chlor ©phenyl 
group, a 2-bromophenyl group, a 3-bromophenyl group, a 
4-bromophenylgroup, a2-l©dophenylgroup, a 3 - iodophenyl group . 
a 4 -iodophenyl group, a 2. 6 -dif luorophenyl group, a 

3 .5- dlf luorophenyl group, a 3 , 4 , 5- tr if luorophenyl group, a 

2.6- dlchlorophenyl group, a 3 . 5-dichlorophenyl group, a 
2,6-dibromophenyl group, a 3, 5-dibromophenyl group, a 
2,6-diiodophenyl group, a 3 . 5-dl iodophenyl group, a 

2, 4, 6 -trif luorophenyl group, a 2 , 4 , 6 -triohlor ©phenyl group. 
a 2,4,6-tribromophenyl group, a 2 , 4 , 6-triiodophenyl group, 
a pentaf luorophenyl group, a pentachlorophenyl group, a 
pentabroraophenyl group, and a pentaiodophenyl group. 

Further, examples ©f the (halogenated alJcyDaryl group 
as B l are aryl groups substituted with a halogenated al)cyl group 
such as a 2- (trif luorome thy 1) phenyl group, a 
3 - ( t r if luoromethyl ) phenyl group , a 4 - ( trif luorome thy 1 ) phenyl 
group, a 2, 6 -bis (trif luoromethyl) phenyl group, a 
3, 5 -bis (trif luoromethyl) phenyl group, and a 
2,4.6- tr is ( trif luoromethyl ) phenyl group . 

Examples of the cyanated aryl group as R 1 are a 
2-cyanophenyl group, a 3-cyanophenyl group and a 4-oyanophenyl 
group . 

Examples of the nitrated aryl group as R 1 are a 
2-nitrophenyl group, a 3-nitrophenyl group and a 4-nitrophenyl 
group . 

Examples of the alkoxycarbonyl group as R 1 are a 
methoxycarhonyl group, an ethoxyoarbonyl group, a 



n-propoxycarbonyl group, an isopropoxycarbonyl group and a 
trlf luoromethoxycarbonyl group. 

An example of the aralkyloxycarbonyl group as R 1 is a 
benzyloxycarbonyl group . 

Examples of the aryloxycarbonyl group as R 1 are a 
pbenoxycarbonyl group and a pentaf luorophenoxyoarbonyl group . 

Examples of the acyloxycarbonyl group as R 1 are a 
methycarbonyloxy group and an ethyloarbonyloxy group. 

R 1 is preferably a halogenated Hydrocarbon group; more 
preferably a halogenated alkyl group or a halogenated aryl 
group; further preferably a fluoroalkyl group, a fluoroaryl 
group, a chloroalkyl group or a chloroaryl group; furthermore 
preferably a fluoroalkyl group or a fluoroaryl group; 
particularly preferably a f luoromethyl group , a dif luoromethyl 
group , a trif luoromethyl group, a 2 , 2 , 2-trif luoroethyl group, 
a 2,2,3,3,3-pentafluoropropyl group, a 
2 , 2 , 2-trif luoro-1- trlf luoromethylethyl group, a 
l.l-bis(trifluoromethyl)-2,2,2-trifluoroethyl group, a 
4 -f luorophenyl group, a 2 , 6 -dif luorophenyl group, a 
3, 5 -dif luorophenyl group, a 2, 4, 6 -trif luorophenyl group, a 
3 , 4 , 5-tr if luorophenyl group or a pentaf luorophenyl group; and 
most preferably a trif luoromethyl group, a 
2, 2, 2 -trif luoro-1 -trlf luoromethylethyl group, a 
1.1 -bis (trlf luoromethyl) -2, 2, 2 -trif luoroethyl group, a 
3. 4, 5 -trif luorophenyl group, or a pentaf luorophenyl group. 

When the compound (b) represented by the above formula 
[2] is an amine, examples thereof are di(f luoromethyl) amine, 
di ( chlor oroethyl ) amine , dl ( bromome thyl ) amine , 
di ( iodomethyl ) amine , bis ( dif luoromethyl ) amine . 
bis ( dichloromethyl ) amine , bis ( dlbromomethyl ) amine , 
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bis (diiodomethyl) amine, bis (trif luoromethyl ) amin . 

bis ( trichloromethyl ) amine , bis ( trlbromomethyl ) amine , 

bis (trilodomethyl) amine, bis (2. 2 , 2-trif luoroethyl) amine, 

bis (2,2,2- tr ichloroethyl ) amine , 

bis (2,2, 2 -trlbromoethyl) amine , 

bis ( 2 , 2 , 2 -triiodoethyl ) amine , 

bis ( 2 , 2 , 3 , 3 , 3 -pent af luoropropyl ) amine , 

bis ( 2 , 2 , 3 , 3 , 3 - pent achloropropyl ) amine , 

bis (2,2,3,3, 3-pentabromopropyl) amine , 

bis (2,2.3,3, 3-pentaiodopropyl ) amine , 

bi s ( 2 , 2 , 2 - tr if luoro - 1 - 1 rif luoromethylethyl ) amine , 

bis ( 2 . 2 , 2 - tr ichloro - 1 - triohlor omethylethyl ) amine , 

bis ( 2 , 2 , 2 - t r ibromo - 1 - tr lbromomethy lethyl ) amine , 

bis (2,2,2- tr iiodo - l - t rliodometbylethyl ) amine , 

bis ( 1 . 1-bis ( trif luoromethyl) -2,2. 2 -trif luoroethyl) amine , 

bis(l,l-bis( trlchloromethyl ) - 2 , 2 , 2 - tr ichloroethyl ) amine , 

bis ( 1 . 1 -bis { tribromomethyl ) - 2 , 2 , 2 - trlbromoethyl ) amine , 

bis (1,1 -bis ( triiodomethyl ) - 2 , 2 , 2- triiodoethyl) amine , 

bis ( 2 - f luorophenyl ) amine , bis ( 3 -f luorophenyl ) amine , 

bis ( 4 - f luorophenyl ) amine , bis ( 2 - chlorophenyl ) amine . 

bis ( 3 -chlorophenyl) amine , bis ( 4 -chlorophenyl) amine, 

bis ( 2 -bromophenyl ) amine , bis ( 3 -bromophenyl ) amine , 

bis ( 4 -bromophenyl ) amine . bis ( 2 - iodophenyl ) amine , 

bis ( 3 - iodophenyl ) amine , bis ( 4 - iodophenyl ) amine . 

bis ( 2 , 6 -dif luorophenyl) amine , bis ( 3 . 5-dlf luorophenyl) amine 

bis ( 2 , 6 - dichlorophenyl ) amine , bis ( 3 , 5 - dichlorophenyl ) amine 

bis ( 2 , 6-dibromophenyl ) amine , bis ( 3 , 5-dibromophenyl) amine , 

bis ( 2 , 6-diiodophenyl) amine, bis ( 3 , 5-dliodophenyl)amine, 

bis (2,4,6- trif luorophenyl- ) amine , 

bis ( 2 . 4 , 6 - tri chlorophenyl ) amine , 
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bis (2,4, 6 - tribromophenyl ) amine r 
bis ( 2 , 4 f 6 - triiodophenyl ) amine . 

bis ( pent af luorophenyl ) amine , bis ( pent achlorophenyl ) amine . 

bis ( pent abromophenyl ) amine , bis ( pentaiodophenyl ) amine , 

bis ( 2 - ( trif luoromethyl ) phenyl ) amine , 

bis ( 3- (trif luoromethyl) phenyl) amine , 

bis ( 4 - ( trif luoromethyl ) phenyl ) amine , 

bis ( 2 . 6 - di ( trif luoromethyl ) phenyl ) amine , 

bis ( 3 , 5 - di ( trif luoromethyl ) phenyl ) amine , 

bis ( 2 , 4 , 6 - tri ( trif luoromethyl ) phenyl ) amine , 

bis ( 2 - cyanophenyl ) amine , bis ( 3 -cyanopheny 1 ) amine , 

bis ( 4 - cyanophenyl ) amine . bis ( 2 -nitropheny 1 ) amine , 

bis(3-nitrophenyl)amine and bis(4-nitrophenyl)amine. 

When the compound (b) is a phosphine, examples thereof 

are phosphine compounds in which a nitrogen atom is replaced 

with a phosphorus atom in the above-mentioned amine compounds . 

When the compound (b) is an alcohol, examples thereof 
are f luoromethanol , chloromethanol , hromomethanol , 
iodoraethanol, dlf luoromethanol , dichloromethanol, 
dihromomethanol . dliodomethanol, trif luoromethanol, 
trichloromethanol , tribromomethanol , triiodomethanol , 
2 , 2 , 2 -trif luoroethanol , 2,2, 2- trichloroethanol , 
2 , 2 , 2-tribromoethanol , 2,2 , 2-trilodoethanol , 
2,2,3,3,3 -pentaf luoropropanol , 
2,2,3,3,3 -pentachloropropanol , 

2,2,3,3,3 -pentabromopropanol , 2,2,3.3 , 3-pentaiodopropanol , 
2,2,2 -trif luoro-1-trlf luoromethylethanol , 
2 , 2 , 2-trlchloro-l-trichloromethylethanol , 
2,2, 2 - tribromo- 1 - tribromomethylethanol , 
2 , 2 , 2-triiodo- l-triiodomethylethanol. 
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1 , l -bis ( t rif luoromethyl ) - 2 , 2 , 2 - trif luoroethanol , 
1 , 1 -bis ( trichloromethyl ) - 2 . 2 , 2 - tr ichioroethanol . 
1 . 1 -bis ( tribromomethyl ) - 2 , 2 . 2 - tribromoethanol and 
1 , 1 -bis ( t riiodome thyl ) - 2 , 2 , 2 - tr iiodoe t hanol . 

Wben the compound (b) is a thiol compound, examples 
thereof are thiol compounds in which an oxygen atom is replaced 
with a sulfur atom in the above-mentioned alcohol compounds . 

When the compound (b) is a phenol, examples thereof are 
2-fluorophenol, 3-f luorophenol, 4 -f luorophenol, 
2-ohlorophenol, 3-chlorophenol, 4-chlorophenol, 

2- bromophenol, 3-bromophenol, 4-bromophenol . 2-iodophenol. 

3- iodophenol. 4-iodophenol, 2, 6 -dlf luorophenol, 

3. 5 - dif luorophenol, 2 . 6-dichlorophenol , 3 , 5-dichlorophenol. 

2.6- dlbromophenOl, 3 , 5-dibromophenol, 2 , 6 - diiodophenol , 
3,5- diiodophenol , 2.4.6- trif luorophenol , 

3.4. 5 - trif luorophenol, 2.4, 6-trlchlorophenol, 

2.4.6- trichlorophenol, 2 , 4 , 6-tribromophenol , 
2,4,6-triiodophenol, pent af luorophenol . pentachlorophenol. 
pentabromophenol , pentaiodophenol . 

2 - ( trif luoromethyl ) phenol . 3 - ( trif luoromethyl ) phenol . 

4- (trif luoromethyl) phenol. 2, 6 -bis (trif luoromethyl) phenol, 
3 , 5 -bis (trif luoromethyl) phenol, 2-cyanophenol, 

3- cyanophenol, 4 - cyanophenol , 2-nitrophenol, 3-nitrophenol 

and 4-nitrophenol. 

When the compound (b) is a thiophenol compound, examples 
thereof are thiophenol compounds in which an oxygen atom is 
replaced with a sulfur atom in the above-mentioned phenol 
compounds . 

When the compounds (b) is a carboxylic acid, examples 
thereof are 2-f luorobenzoic acid. 3-f luorobenzoic acid. 
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4 -f luorobenzoic acid, 2 , 3 -dif luorobenzoic acid. 

2. 4 -dif luorobenzoic acid. 2 , 5- dif luorobenzoic acid. 

2, 6 -dif luorobenzoic acid. 2 , 3 , 4 -trif luorobenzoic acid, 

2, 3, 5 -trif luorobenzoic acid. 2 , 3 , 6-trif luorobenzoic acid. 

2, 4, 5-trif luorobenzoic acid. 2 , 4 . 6-trif luorobenzoic acid. 

2. 3, 4. 5-tetraf luorobenzoic acid. 2.3,4, 6- tetraf luorobenzoic 

acid, pentaf luorobenzoic acid, fluoroacetic acid, 

difluoroacetic acid, trif luoroacetic acid, 

pentaf luoropropanoic acid, beptaf luorobutanoic acid and 

1 , 1 -bis ( trif luorometbyl ) - 2 , 2 , 2 - trif luoroeht anoic acid . 

When the compounds (b) is a sulfonic acid, examples 
thereof are f luoromethanesulf onic acid, 

dif luoromethanesulf onic acid, trif luoromethanesulf onic acid, 
pentafluoroethanesulfonic acid, beptaf luoropropanesulf onic 
acid, and 1 , l-bis< trif luoromethyl) -2, 2 , 2-trif luoroehtane 

sulfonic acid. 

A preferable amine of the compound (b) is 

bis ( trif luoromethyl ) amine . bis ( 2 , 2 , 2 -trif luoromethyl ) amine , 

bis (2,2.3,3,3 -pentaf luoropropyl ) amine , 

bis ( 2 , 2 , 2 - trif luoro- 1 - trif luorome thylethyl } amine , 

bis ( 1 , 1-bis ( trif luoromethyl ) - 2 , 2 , 2 - trif luoroethyl ) amine or 

his (pentafluorophenyl) amine; preferable alcohols thereof are 

trif luorome thanol , 2,2, 2- trif luoroethanol , 

2,2,3,3, 3 -pentaf luoropropanol , 

2,2,2- trif luoro- 1 - trif luorome thy lethanol or 
1, l-bls( trif luoromethyl) -2 , 2, 2 -trif luoroethanol; a 
preferable phenol thereof is 2-f luorophenol, 3-f luorophenol, 
4-f luorophenol. 2 , 6-dif luorophenol, 3 . 5-dif luorophenol. 
2,4. 6- trif luorophenol , 3,4, 5 -trif luorophenol. 
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pentaf luorophenol. 2- < trif luorom thyl) P henol, 

3 - ( trif luoromethyl ) phenol , 4 - ( trif luoromethyl ) phenol . 

2 , 6 -bis ( trif luoromethyl ) phenol , 
3 , 5 -bis ( trif luoromethyl ) phenol or 

2. 4, 6 -tris( trif luoromethyl) phenol; a preferable carboxylic 
acid thereof is pentaf luorobenzoic acid or trif luoroacetic 
acid; and a preferable sulfonic acid thereof is 
trif luoromethanesulf onic acid. 

A more preferable compound (b) is 
bis (trif luoromethyl) amine, bis ( pent af luorophenyl) amine, 
trif luoromethanol , 

2 , 2 , 2 -trif luoro- 1- trif luoromethylethanol . 
1 , 1-bis ( trif luoromethyl) -2.2 . 2 -trif luoroethanol , 
4-fluorophenol. 2 . 6-dif luorophenol , 2 . 4 . 6-trif luorophenol. 
3,4,5-trlfluorophenol, pentaf luorophenol, 

4- ( trif luoromethyl ) phenol , 2 , 6 -bis ( trif luoromethyl) phenol 
or 2. 4, 6 -tris( trif luoromethyl) phenol; and a further 
preferable compound (to) is 3 , 4 , 5- trif luorophenol . 
pentaf luorophenol or 

1 , 1 -bis ( trif luoromethyl ) - 2 , 2 , 2 - trif luoroethanol . 

In the above formula [3] , examples of the non-metal atom 
of T 2 of the Group 15 are a nitrogen atom and a phosphorous 
atom, and examples of the non-metal atom of T a of the Group 
16 are an oxygen atom and a sulfur atom. T 2 is preferably a 
nitrogen atom or an oxygen atom, and particularly preferably 

an oxygen atom. 

In the above formula (3]. when T 2 is a non-metal atom 
of the Group 15. t is preferably 3, and when T 2 is a non-metal 
atom of the Group 16, t is preferably 2. 
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Examples of the hydrocarbon group as R 2 are hydrocarbon 
groups as L l , and halogenated hydrocarbon groups as R l m ntioned 
above, respectively - 

r 2 is preferably a halogenated hydrocarbon group, and 
further preferably a fluorinated hydrocarbon group. 

The component (c) is preferably water . hydrogen sulfide, 
an alkylamine, an arylamine or an aralkylamlne ; and more 
preferably water, hydrogen sulfide, methylamine. ethylamine, 
n-propylamine. isopropylamine, n-butylamine, sec-butylamine, 
tert-butylamlne, isobutylamine , n-pentylamine, 
neopentylamine, isoamylamine, n-hexylamine, n-octylamine , 
n-decylamine, n-dodecylamine, n-pentadecylamine. 
n-eicosylamine, allylamine, cyclopentadienylamine, aniline, 
2-tolylamine, 3-tolylamine, 4-tolylamine , 2 , 3-xylylamine, 
2,4-xylylamine. 2 , 5-xylylamine . 2 , 6-xylylamlne, 
3.4-xylylamine, 3 , 5-xylylamine , 2, 3, 4 -trimethylaniline, 

2.3. 5 - trimethylaniline . 2.3,6- tr imethy laniline , 

2.4.6- trimethylaniline , 3,4,5- trimethylaniline , 

2.3.4. 5- tetramethylanillne , 2,3,4.6- tetramethylanillne , 

2.3.5. 6 - tetramethylanillne, pentamethylaniline , 
ethylaniline, n-propy laniline. isopropylaniline . 
n-buty laniline. sec-butylaniline. tert-butylaniline, 
n-pentylanlline r neopentylaniline , n-hexylaniline, 
n-ooty laniline, n-decy laniline, n-dodecylaniline, 
n-tetradecylaniline, naphthylamine , anthracenylamine , 
benzylamine, ( 2 -methy lphenyl ) methylamine , 

( 3 -methy lphenyl ) methylamine . ( 4 -me thy lpheny 1 ) methylamine , 
( 2 , 3-dimethylphenyl)methylamine, 

( 2 , 4 -dime thy lphenyl ) methylamine , 
( 2 , 5 -dime thy lphenyl ) methylamine , 
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i * 

( 2 , 6 -dime thy Iphenyl )methylamlne , 
( 3 . 4 -dime thy lphenyl ) methylamine , 
( 3 , 5 -dimethylphenyl )methylamine , 
(2,3,4- trimethylphenyl ) me thy lamine , 
(2,3,5- trimethylphenyl ) methylamine , 
(2.3, 6 -trimethylphenyl ) me thylamlne , 
(3,4.5- trimethylphenyl ) methylamine . 
(2,4, 6 -trimethylphenyl ) methylamine , 
(2.3,4, 5- tetramethylphenyl) methylamine , 
(2,3,4,6- tetramethylphenyl ) methylamine . 
(2,3.5. 6 -tetramethylphenyl ) methylamine , 

( pent amethylphenyl )methy lamina , ( e thylphenyl ) methylamine , 
(n-propylphenyl)methylamine , (isopropylphenyl) methylamine . 
(n-buty Iphenyl )methy lamine, (seo-butylphenyl)methylamine, 
( tert -butylphenyl ) methylamine . (n-pentylphenyl ) methylamine . 
( neopentylphenyl ) methylamine . ( n-hexy Iphenyl ) methylamine , 
( n - octylphenyl )methylamine , ( n - decy lphenyl ) methylamine . 
( n- tetradecylphenyl ) methylamine , naphtylmethylamlne , 
anthracenylmethylamine , f luoromethylamine , 
ohloromethylamine , bromomethylamine , iodomethylamine . 
dif luoromethylamine , dichloromethylamine , 

dibromomethylamine. diiodomethylamine , trif luoromethylamine, 

trlohlor omethylamine , tribromomethylamine , 

triiodomethylamine . 2,2, 2 - trif luoroethylamine . 

2,2,2- tr ichloroethylamine . 2,2,2- t r ibromoethy lamine , 

2,2, 2-triiodoethylamine , 2,2,3,3,3 - pent af luoropropy lamine , 

2,2.3,3. 3 -pentachloropropylamlne , 

2,2.3,3, 3 -pentabromopropylamine , 

2,2,3,3,3 -pentaiodopropy lamine , 

2.2,2- tr if luoro - 1 - trif luor omethylethylamine , 



2,2, 2-tricnioro-l-trichloromethyl thylamine , 

2,2,2-tribromo-l-tribromomethyl thylamin , 

2.2, 2-trliodo-l-triiodomethyiethylamiixe , 

1 , 1-bls ( trif luoromethyl) -2 . 2 . 2 -trif luoroethylamlne , 

1, l-bis( trichloromethyl) -2,2 , 2- trichloroe thylamine, 

1 , 1 -bis ( t rlbromomethyl ) - 2 , 2 , 2 - tribromoethylamine , 

1 . l-bis ( trilodomethyl ) - 2 . 2 , 2 -triiodoe thylamine , 

2 -f luoroaniline, 3-£luoroanillne, 4-f luoroaniline , 2- 

chloroaniline, 3-chloroanillne . 4-chloroanlline, 

2-bromoaniline, 3 -bromoanlline , 4 -bromoanlline, 

2-iodoaniline, 3-iodoaniline, 4-iodoaniline , 

2, 6 -dif luoroaniline, 3 , 5-aif luoroaniline, 

2,6- dlchloroanillne , 3,5- dichloroaniline , 

2,6-dibromoaniline, 3. 5 -dibromo aniline, 2,6-diiodoaniline, 

3 , 5 -diiodoaniline , 2,4,6- trif luoroaniline , 

2 , 4 , 6- tricolor oanilin© , 2,4, 6-tribromoaniline , 

2 . 4 , 6-triiodoaniline, pent af luoroaniline, 

pentachloroaniline , pentabromoaniline, pentaiodoaniline, 

2 - ( trif luoromethyl > aniline , 3 - ( trif luoromethyl ) aniline , 

4 - ( trif luoromethyl ) aniline , 2 , 6 - di ( trif luoromethyl ) aniline . 

3 . 5 - di ( trif luoromethyl ) aniline or 
2,4, 6 - tr 1 ( trif luoromethyl ) aniline - 

The component (c) is further preferably water , hydrogen 
sulfide, methylamine, ethylamine, n -propylamine, 
isopropylamine, n-butylamine, eec-butylaraine , 
tert-butylamlne, isobutyl amine, n-octylamine, aniline, 

2 . 6 - xylylamine , 2,4,6- trimethylaniline , naphthylamine , 
anthracenylamine , benzylamine, trif luoromethylamine, 
pentaf luoroethylamlne , perf luoroproylamine , 

perf luorobutylamino , perf luoropentylamine , 



perf luorohexylamine , perf luorooetylamine , 

p rfluorododecylaroine, perf luoropentadecylamine, 

perfluoroeicosylamine, 2-f luoroanilin , 3-f luoroaniline. 

4 -f luoroaniline, 2 . 6-dif luoroaniline. 3, 5- dif luoroaniline, 

2,4. 6 -trif luoroaniline , pentaf luoroaniline . 

2 - { trif luoromethyl ) aniline , 3 - ( trif luoromethyl ) aniline , 

4 - ( trif luorometnyl > aniline , 

2 , 6 -bis ( trif luoromethyl ) aniline , 

3 . 5 - bis ( trif luoromethyl ) aniline or 

2,4, 6-trls ( trif luoromethyl) aniline; particularly preferably 

water, trif luoromethyl amine , perf luorobutylamine , 

perf luorooctylamlne, perf luoropentadecylamine , 

2 -f luoroaniline, 3-f luoroaniline , 4 -f luoroaniline, 

2 . 6 - dif luoroaniline . 3,5- dlf luoroaniline , 
2,4,6- trif luoroaniline , pentaf luoroaniline , 

2- (trif luoromethyl) aniline, 3- (trif luoromethyl) aniline, 

4 - ( trif luoromethyl ) aniline , 

2 , 6 -bis ( trif luoromethyl) aniline , 

3 , 5 -bis ( trif luoromethyl ) aniline or 

2, 4. 6 -tris( trif luoromethyl) aniline; and most preferably 
water or pentaf luoroaniline. 

The component (d) in the present invention is a nonlonic 
surfactant having no active hydrogen, wherein the active 
hydrogen means a hydrogen atom bound to a nitrogen atom, an 
oxygen atom or a sulfur atom. 

Examples of said nonlonic surfactant are a tertiary amine , 
an ether, a thioether. a diester derived from polyethylene 
glycol and a fatty acid, and an amine oxide. 

as the component (d) , preferred is a compound represented 
by the following formula [4J: 
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R 3 „Z 1*1' 

wherein R 3 is a hydrocarbon group, and respective R 3 's may be 
the same or different from one another; Z is a nitrogen atom, 
an oxygen atom or a sulfur atom; and ro is a valence of Z. 

Z is preferably a nitrogen atom or an oxygen atom, and 
more preferably a nitrogen atom. 

When Z is a nitrogen atom, m is 3, and when Z is an oxygen 
atom or a sulfur atom, m is 2. 

The hydrocarbon group in R 3 is preferably a chain 
hydrocarbon group, and more preferably an alkyl group or an 

alkenyl group. 

Said alkyl group is preferably an alkyl group having 

1 to 100 carbon atoms. Examples therof are a methyl group, 
an ethyl group, a n-propyl group, an isopropyl group, a n-butyl 
group, a sec -butyl group, a tert- butyl group, anisobutyl group, 
a n-pentyl group, a neopentyl group, a n-hexyl group, a 
2-ethylhexyl group, a n-octyl group, a n-decyl group, a 
u-undecyl group, a n-dodecyl group, a n-tridecyl group, a 
n- tetradecyl group , a n-pentadecyl group . a n-hexadecyl group , 
an-heptadecylgroup, a n-octadecyl group , a n-nonadecyl group, 
a n-eioosyl group, a n-docosyl group, a 

2 - ( 3 -methylhexyl ) - 7 -methy ldecyl group , and a long- chain alkyl 
group derived from a natural product (for example, coconut 
oil, soybean oil or beef tallow). 

The alkenyl group as R 3 is preferably an alXenyl group 
having 1 to 100 carbon atoms. Examples therof are a 
9-cls-octadecenyl group; and a long -chain alkenyl group derived 
from a natural product such as coconut oil, soybean oil and 
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be f tallow. 

The above-mentioned alkyl groups and alk nyl groups may 
be substituted with a halogen atom such as a fluorine atom, 
a chlorine atom, a bromine atom and an iodine atom. 

In the formula [4], R 3 is preferably an alkyl group - 

in the formula [4], it is preferable that at least one 
R 3 is a hydrocarbon group having from 12 to 100 carbon atoms, 
and it is more preferable that at least two R 3 1 s are hydrocarbon 
groups having from 12 to 100 carbon atoms. Said hydrocarbon 
group is preferably an alkyl group having from 12 to 100 carbon 
atoms ; more preferably a n-dodecyl group , a n- tetradecyl group, 
a n-hexadecyl group, a n-octadecyl group, a n-eicosyl group, 
a n-docosyl group, a 2- ( 3-methylhexyl) -7-methyldecyl group 
or a long -chain alkyl group derived from a natual product (for 
example, coconut oil, soybean oil or beef tallow); further 
preferably a n-octadecyl group, a n-eicosyl group, a n-docosyl 
group , a 2- ( 3-methylhexyl ) -7-methyldecyl group or a long-chain 
alkyl group derived from a natual product (for example , coconut 
oil, soybean oil or beef tallow) ; and particularly preferably 
a n-octadecyl group. 

Specific examples of the compound represented by the 
above-mentioned formula [4] are tridecylamine, 
trihexadecylamine , N,N-dimethyl-n-dodecylamine , 
N , N - dime thy 1 - n - hexadecy 1 amine , 
N , N-dimethyl-n-octadecylamlne , 

N,N-dimethyl-cocoa-alkylamine, N,N-dimethyl~hydrogenated 
beef t allow- alkylamine, N,N-dimethyloleylamine , 
N , N- dimethyl- soybean- alky lamine , N , N- dimethyl- beef 
tallow-alky lamine, N,N-di-n-dodecylm thylamine, 
N,N-di-n- hexade cy lme t hy 1 amin e , 



N , N - di - n - oct adecy lmethylamine , 

N,N-dicocoa-alkylmethylamin , N,N-di-hydrogenated be f 
t allow- alky lmethylamine, N,N-di-n-oleylmethylamlne , 
N,N-di- soybean- alky lme thy lamlne and N,N*-di-beef 
tallow- alky lmethylamine. Preferred is 
N, N-di-n-octadecy lmethylamine. 

Regarding the amount of each of the components (a) to 
(c) contacted, when the molar ratio of those components 
contacted is component (a) : component (b) : component (c) 
= 1 : y : 2/ Y and z satisfy preferably the following formula 
(I), and more preferably the following formula (II): 

|r - y - 2i| S 0.2 (I) 
r = y + 2z 

wherein r is a valence of M 1 . 

The amount of the component (b) contacted is preferably 
from 0.01 to 1.99 mol, more preferably from 0,1 to 1.8 mol, 
further preferably from 0.2 to 1.5 mol, and particularly 
preferably from 0-3 to 1 mol, per one mol of the component 
(a). 

The amount of the component (d) contacted is preferably 
from 0.01 to 0.7 mol, more preferably from 0.05 to 0.6 mol, 
further preferably from 0.08 to 0.5 mol, and particularly 
preferably from 0.1 to 0.4 mol, per one mol of the component 
(a). 

The contact treatment of the above-mentioned components 
(a) to (d) is preferably carried out in an inert gas atmosphere - 
The treatment temperature is usually from -100 to 200*0, and 
preferably from -80 to 150 *C . The treatment time is usually 
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from 1 minut to 36 hours, and preferably from 10 minutes to 
24 hours. 

In the treatment , a solvent may toe used, or these compounds 
may be directly contact -treated using no solvent. There can 
be used any solvent selected from a non -polar solvent such 
as an aliphatic hydrocarbon solvent and an aromatic hydrocarbon 
solvent, and a polar solvent such as a halogenated solvent 
and na etheral solvent, which is inert to the compounds (a) 
to (d)- Examples of the solvent are butane, pentane, hexane, 
heptane, octane, 2 , 2 , 4-trimethylpentane , cyclohexane, 
benzene, toluene, xylene, dimethyl ether, diethyl ether, 
diisopropyl ether, di-n-butyl ether, methyl tert- butyl ether, 
anisole , 1 , 4 -dioxane , 1 , 2 -dimethoxyethane , 
bis(2-methoxyethyl) ether, tetrahydrof uran and 
tetrahydropyran. Among them, a hydrocarbon solvent is further 
preferable, and toluene is most preferable. 

Examples of a method for contacting the components (a) 
to (d) are as follows. 

<D A method comprising the steps of (i) contacting the 
component (a) with the component (b) r (ii) contacting (c), 
and (ill) further contacting the component (d) . 

(D A method comprising the steps of (i) contacting the 
component (a) with the component (b) , (ii) contacting (d), 
and (iii) further contacting the component (c). 

® A method comprising the steps of (i) contacting the 
component (a) with the component (c) , (ii) contacting (b) . 
and (iii) furtner contacting the component (d) . 

® A method comprising the steps of (1) contacting the 
component (a) with the component (c), (ii) contacting (d), 
and (iii) further contacting the component (b) . 



(D A knethod comprising the st ps of (i) contacting the 
component (a) with the component (d), (ii) contacting (b), 
and (iii) furth r contacting the component (c) . 

<D A method comprising the steps of (i) contacting the 
component (a) with the component (d), (±i) contacting (c), 
and (iii) further contacting the component (b). 

CD A method comprising the steps of (i) contacting the 
component (b) with the component (c), (ii) contacting (a), 
and (iii) further contacting the component (d) . 

® A method comprising the steps of (i) contacting the 
component (b) with the component (c) , (ii) contacting (d) , 
and (iii) further contacting the component (a) - 

(D A method comprising the steps of (i) contacting the 
component (b) with the component (d), (ii) contacting (a), 
and (iii) further contacting the component (c). 

0) A method comprising the steps of (i) contacting the 
component (b) with the component (d), (ii) contacting (c), 
and (iii) further contacting the component (a). 

© A method comprising the steps of (i) contacting the 
component (c) with the component (d) , (ii) contacting (a), 
and (iii) further contacting the component (b) - 

@ A method comprising the steps of (i) contacting the 
component (c) with the component (d) . (ii) contacting (b), 
and (iii) further contacting the component (a). 

Preferred is a method comprising the steps of (i) 
contacting the components (a), (b) and (c), and then (ii) 
contacting the component (d) , or a method comprising the steps 
of (i) contacting the components (a), (b) and (d), and then 
(ii) contacting the component (c); and more preferred is the 
above -men toined method <3) or (D. 
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Further, th re may be carried out either a method 
comprising the steps of: 

(i) contacting any components selected from the 
components (a) to (d) to obtain a contact product, and 

<ii) contacting the contact product with the remaining 
component ( s ) . 

pr a method comprising the steps of: 

(i) contacting any components selected from the 
components (a) to (d) to obtain a contact product. 

(il) purifying the contact product to obtain a purified 

contact product r and 

(iii) contacting the purified contact product with the 

remaining component ( s ) ♦ 

The contact product according to the present invention , 
which is obtained by the process comprising the step of 
contacting the components (a) to (d), may contain starting 
materials (namely, the components (a) to (d)) as unreacted 
matrlals . 

When the compounds (a) to (d) are diethylzinc, 
pentaf luorophenol, water and methyldioctadecylamine, 
respectively, an example of the process for producing the 
contact product according to the present inveniton comprises 
the steps of : 

(1) adding a hexane solution of diethylzinc to toluene 
as a solvent, 

( 2 ) adding thereto dropwise pentaf luorophenol and water 
in the same molar amount as that of diethylzinc and in a half 
molar amount thereof, respectively. 

(3) stirring for from 10 minutes to 24 hours at 70 "C, 

( 4 ) adding m thyldioctadecylamine in an amount of 0 • 2 
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time by mole to " diethylzinc, and 

(5) stirring for from 10 minutes to 24 hours at 70 'C . 

The contact product (her inafter. ref rred to as 
"contact product (A)") according to the present invention can 
preferably he used as a catalyst component of a catalyst for 
addition polymerization. Examples of the catalyst for addition 
polymerization using said catalyst component are ( 1) a catalyst 
obtained by a process comprising the step of contacting the 
contact product (A) with a compound (hereinafter, referred 
to as "compound (B) " ) of a metal selected from the group 
consisting of metals of the Groups 3 to 12 and Lanthanide Series 
of the Periodic Table, and (2) a catalyst obtained by a process 
comprising the step of contacting the contact product (A) with 
the compound (B) and an organoaluminum compound (hereinafter, 
referred to as "compound (C)"). Preferred Is the above latter 
catalyst . 

Examples of the compound (B ) are a metal compound 
represented by the following formula [51, and a /z-oxo type 
metal compound thereof : 

L'jrtE 1 * [51, 

wherein a is a number satisfying 0 < a ^ 8 depending upon a 
valence of M 2 ; b is a number satisfying 0 <b ^ 8 depending 
upon a valence of M 2 ; M 2 is a metal atom of the Groups 3 to 
12 or Lanthanide Series of the Periodic Table of the Elements » 
I, 2 is a group having a cyclopentadienyl type anion skeleton, 
or a group containing a hetero-atom, a plurality of 1. 2 groups 
may be the same or different each other, and a plurality of 
L 2 groups may be optionally linked in direct , or through a group 
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containing a carbon atom, a silicon atom, a nitrogen atom, 
an oxygen torn, a sulfur atom or a phosphorus atom; X 1 is a 
halogen atom, a hydrocarbon group (excluding the group having 
a cyclopentadienyl type anion skeleton) or a hydrocarbonoxy 
group, and a plurality of X 1 groups may be the same or different 
each other. 

Examples of M 2 are a scandium atom, an yttrium atom, a 
titanium atom, a zirconium atom, a hafnium atom, a vanadium 
atom, a niobium atom, a tantalum atom, a chromium atom, a 
molybdenum atom, a tungsten atom, a manganese atom, a technetium 
atom, an iron atom, a ruthenium atom, a cobalt atom, a rhodium 
atom, a nickel atom and a palladium atom. M 2 is preferably a 
metal atom of the Groups 3 to 11, further preferably a metal 
atom of the Groups 3 to 7 , and particularly preferably a metal 

atom of the Group 4. 

Examples of the group having a cyclopentadienyl type 
anion skeleton as L 2 are an 7) 5 - (substituted) cyclopentadienyl 
group, an 7) 5 - (substituted) lndenyl group, and an 7) 
5 - (substituted) f luorenyl group. Specific examples thereof are 
an V 5 -cyclopentadienyl group, an 7j s -methylcyclopentadienyl 
group, an 7) s -tert-butylcyclopentadienyl group, an V 
s -l, 2-dimethylcyclopentadienyl group, an 7? 
5 -l,3-dimethylcyclopentadienyl group, an 7) 
5 _l-tert-butyl-2-methylcyclopentadienyl group, an 77 
s -l-tert-butyl-3-methylcyclopentadienyl group, an V 
s -l-methyl-2-isopropylcyclopentadienyl group, an 7) 
5 -l-methyl-3-isopropylcyclopentadlenyl group, an 7) 
*-l, 2, 3 -trimethyl cyclopentadienyl group, an V 
5 -l,2,4-trimethylcyclopentadienyl group, an V 
5 -tetramethylcyclopentadienyl group, an 7} 



'-pentamethylcyclopentadienyl group, an 77 5 -inaenyl group, an 
7J 5 -4.5.6,7-tetrahydrolndenyl group, an 77 s -2-methylindenyl 
group, an 77 5 -3-methylind nyl group, an 7) 5 -4-methylindenyi 
group, an 77 ^S-metbyiindenyl group, an 77 5 -6-methylindenyl 
group, an 73 s -7-methylindenyl group, an 77 

s -2-tert-butylindenyl group, an 77 5 -3-tert-butylindenyl group, 
an 77 5 -4~tert~butyl±ndenyl group, an 77 5 -5-tert-butylindenyl 
group, an 77 5 -6-tert-butylindenyl group, an 77 
s -7-tert-butylindenyl group, an 77 5 -2, 3-dlmethylindenyl group, 
an 77'-4,7-dim6thylindenyl group, an 77 
S_2 ' 4 »7-trimethylindenyl group, an 77 

5 ~2-methyl-4-i S opropylinaenyl group, an 77 s -4 , 5-benzindenyl 
group, an 77 5 -2-methyl-4 . 5-benzlndenyl group, an 7? 
s -4- P henylindenyl group, an 77 5 -2-methyl-5-phenylindenyl 
group, an 77 5 -2-methyl-4-phenylindenyl group, 
an *7 5 -2-methyl-4-naphthylindenyl group, an 77 5 -f luorenyl 
group, an 77 5 -2, 7 -dime thy If luorenyl group and an 77 
5 -2,7-d±-tert-butylf luorenyl group, and substitution groups 
thereof . 

Examples of the hetero-atom in the group containing a 
hetero-atom as L 2 are an oxygen atom, a sulfur atom, a nitrogen 
atom and a phosphorus atom. Examples of the group containing 
ahetero-atom are an alkoxy group; an aryloxy group ,- athioalkoxy 
group; a thioaryloxy group; an alkylamlno group; an arylaminb 
group; an alkylphosphino group; an arylphosphino group,- an 
aromatic or aliphatic heterocyclic group containing in its 
rling at least one atom selected from the group consisting 
of an oxygen at om. a sulfur a torn , a nitrogen atom and a phosphorus 
atom,- and a chelating ligand. 

Examples of the group containing a hetero-atom are 
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a me thoxy group, an thoxy group, a n- or iso-propoxy group, 
a n-, sec-, iso- or tert-butoxy group, a phenoxy group, a 
2-methylph noxy group, a 2, 6-dimethyiphenoxy group, a 
2,4,6-trimethylphenoxy group, a 2-ethylphenoxy group, a 
4-n-propylphenoxy group, a 2-lsopropylphenoxy group. a 
2,6-dilsopropylphenoxy group, a 4-sec-butylphenoxy group, a 
4-tert-butylphenoxy group, a 2 , 6-di-sec-butylphenoxy group, 
a 4-tert-butyl-4-methylphenoxy group, a 

2.6-di-tert~butylphenoxy group, a 4-methoxyphenoxy group, a 
2,6-dimethoxyphenoxy group, a 3 . 5-dimethoxyphenoxy group, a 
2-chlorophenoxy group, a 4-nitrosophenoxy group, a 
4-nltrophenoxy group, a 2-aminophenoxy group, a 3-aminophenoxy 
group, a 4-aminothiophenoxy group, a 2 , 3 , 6 - trichlorophenoxy 
group, a 2.4.6-trifluorophenoxy group, a thiome thoxy group, 
a dlmethylamlno group, a diethylamino group, a di-n- or 
iso-propylamino group, a diphenylamino group, an 
isopropylamino group, a tart- butylamlno group, apyrrolylg r0 up, 
a dime thylphoephino group . a 2 - ( 2 - oxy- 1 -propyl ) phenoxy group , 
acatecholatogroup. a2-hydoroxyphenoxy group, aresorcinolate 
group, a 3-hydoroxyphenoxy group, a 4-isopropyicatecholato 
group, a 4-isopropyl-2-hydoroxyphenoxy group, a 
3-methoxycatecholato group, a 4-methoxy-2-hydoroxyphenoxy 
group, al,8-dihydroxynahpthylgroup. a 1 . 2-dlhydroxynahpthyl 
group. a2.2'-bipbenyldiol group, a 1 . 1 • -bi-2-naphthol group, 
a 2,2'-dihydroxy-6.6'-d±methylbiphenyl group, a 
4 , 4 ■ . 6 , 6 ' -tetra-tert-butyl-2 , 2 • -methylenediphenoxy group, 

and a 4,4' ,6,6'-tetramethyl- 2 .2'-isobutylidenediphenoxy 
group . 

A further example of the hetero atom-containing group 
is a group represented by the following formula [6]: 



R 4 3 P=N- 



[6] 



wherein R 4 ± s a hydrogen atom, a halogen atom or a hydrocarbon 
group, three R< groups may be the same or different, and two 
or more thereof may be bonded mutually, or may form a ring. 

Examples of R< m the formula [6] are a hydrogen atom, 
a fluorine atom, a chlorine atom, a bromine atom, an iodine 
atom, a methyl group, an ethyl group, a n-propyl group, an 
isopropyl group, a n-butyl group, a tert-butyl group, a 
cyolohexyl group, a phenyl group, a 1-naphtyl group and a bensyi 
group , 

A still further example of the hetero atom- containing 
group is a group represented by the following formula [7] s 




C7] 



wherein respective R« to H« groups are independently a hydrogen 
atom, a halogen atom, a hydrocarbon group, a hydrocarbon exy 
group, a S n yl 9roup or an ^.^ group ^ they ^ be t ^ same 

or different, and two or more thereof may be bonded mutually, 
or may form a ring. 

Examples of *" to R« in the above formula [ 7 ] are a hydrogen 



34 



atom, a fluorine atom, a chlorine atom, a bromine atom, an 
iodine atom, a phenyl group. a 1-naphtyl group, a 2-naphtyl 
group, a tert-butyl group, a 2 , 6-dimethyi P henyl group, a 
2-fluorenyl group, a 2-methylphenyl group, a 
4-trifluoromethylphenyl group, a 4-methoxyphenyi group, a 
4-pyridyl group, a cyclohexyl group, a 2-isopropylphenyl 
group, a benzyl group, a methyl group, a triethylsilyl group, 
a diphenylmethyisilyi group, a l-methy-l-phenylethyl group! 
a 1,1-dimethyl propyl group and a 2-chlorophenyi group. 

The above -mentioned chelating ligand as L a means a ligand 
having plural coordinating positions . Examples thereof are 
acetylacetonate, diimine. oxazoline, bisoxazoline , 
terpyridine, acylhydrazone, dlethylenetriamine . 
triethylenetetramine. porphyrin, crown ether and cryptate. 

Examples of the above-mentioned group, through which 
plural L* groups are linked, are an alkylene group such as an 
ethylene group, a propylene group, a dimethylmethylene group 
and a diphenylmethylene group; a silylene group such as a 
silyiene group, a dimethylsilyiene group, a diphenylsiiyiene 
group and a tetramethyidisllylene group; and a hetero-atom 
such as a nitrogen atom, an oxygen atom, a sulfur atom and 
a phosphorus atom. 

Examples of the halogen atom as X 1 in the formula [5 J 
are a fluorine atom, a chlorine atom, a bromine atom and an 
iodine atom. Examples of the hydrocarbon group as x 1 are an 
alkyl group, an aralkyl group, an aryl group and an alkenyl 
group . 

Examples of the alkyl group as X 1 in the formula [5] 
are a methyl group, an ethyl group , a n -propyl group, an is opr opyl 
group, a n-butyl group,a sec-butyl group, a tert-butyl group. 



an isobutyi group, a n-pentyl group, a neopentyl group, a 
t rt-pentyl group, a n-hexyi group, a n-octyl group, a n-decyl 
group, a n-dodecyl group,a n-pentdecyl group and a n-eicosyl 
group . 

Each of these alkyl groups may be substituted with a 
halogen atom such as a fluorine atom, a chlorine atom, a bromine 
atom and an iodine atom. Examples of such an alkyl group are 
a fluoromethyl group, a trif luoromethyl group, a chloromethyl 
group, a trichloromethyl group, a fluoroethyl group, a 
pentafluoroethyl group, a perf luoropropyl group, a 
perfluorobutyl group, a perf luorohexyl group , a perf luorooctyl 
group, a perchloropropyl group, a perchlorobutyl group and 
a perbromopropyl group. 

Further, these alkyl groups may be substituted with an 
alkoxy group such as a methoxy group and an ethoxy group; an 
aryloxy group such as a phenoxy group; or an aralkyloxy group 
such as a benzyioxy group. 

The alJcyl group as X 1 in the formula [5] is preferably 
an alkyl group having 1 to 20 carbon atoms, and more preferably 
amethyl group, an ethyl group, an isopropyl group, a tert-butyl 
group, an isobutyi group or a tert-pentyl gx-oup. 

Examples of the aralkyl group as X 1 in the formula [5] 
are a benzyl group, a ( 2 -methylphenyl) methyl group, a 
(3-methylphenyDmetbyl group, a (4 -methylphenyl) methyl group, 
a (2,3-dimethylphenyl)metnyl group, a 
(2,4-dimethylphenyl)methyl group, a 
(2,5-dimethylphenyi)methyl group, a 
(2,6-dlmethylphenyl)methyl group, a 
(3,4-dimethylphenyl)methyl group, a 
(3.5-dlmethylphenyl)methyl group, a 



(2.3,4-tlmethylphenyl)methyl group, a 
(2,3,5-timethylphenyl)methyl group, a 
(2,3.6-tlmethylphenyi)methyl group, a 
(3,4,5-tlmethylphenyl)methyl group, a 
(2.4,6-tlmethylphenyi)methyl group, a 
(2,3,4,5~tetramethylphenyl)methyl group, a 
(2,3.4,6-tetramethylphenyl)methyl group, a 
(2,3,5,6~totramethylphenyl)methyl group, a 
(pentamethylphenyl)methyl group, an (ethylphenyl) methyl 
group, a (n-propylphenyl)methyl group, an 

UsopropylphenyDmethyl group, a (n-butylphenyl) methyl group, 
a ( S ec-butylphenyl)methyl group, a (tert-butylphenyl) methyl 
group, a (n- pen tylphenyl) methyl group, a 

(neo P entylphenyl)methyl group, a (n-hexylphenyl)methyl group, 
a (n-octylphenyl)xnethyl group, a <n-decylphenyl)methyi group, 
a ( tetradecylphenyl Methyl group , a naphthyimethyl group and 
an anthraoenylmethyl group. 

Bach of these aralkyl groups may be substituted with 
a halogen atom such as a fluorine atom, a chlorine atom, a 
bromine atom and an iodine atom; an alkoxy group such as a 
methoxy group and an ethoxy group; an aryloxy group such as 
a phenoxy group; or an aralkyloxy group such as a bensyloxy 
group . 

The aralkyl group as X 1 in the formula [ 5 ] is preferably 
an aralkyl group having 7 to 20 carbon atoms , and more preferably 
a benzyl group. 

Examples of the aryl group as X 1 in the formula [5] are 
a phenyl group, a 2-tolyl group, a 3-tolyl group, a 4~tolyl 
group. a2.3-xylylg r oup, a 2 . 4-xylyl group, a 2 , 5-xylyl group, 
a 2,6-xylyl group, a 3. 4-xylyl group, a 3. 5-xylyl group, a 



2,3,4-trimethylphenyl group, a 2, 3 , 5 -trimethylphenyl group, 
a 2 , 3 , 6 - trimethylphenyl group . a 2 , 4 , 6 -trimethylphenyl group , 
a 3, 4, 5 -trimethylphenyl group, a 2 ,3 . 4 . 5- tetramethylphenyl 
group, a 2,3, 4, 6- tetramethylphenyl group, a 
2, 3, 5, 6 -tetramethylphenyl group, a pentamethylphenyl group, 
an ethylphenyl group, a n-propylphenyl group, an 
isopropylphenyl group, a n-butylphenyl group, a 
sec-butylphenyl group, a tert-butylphenyl group, an 
isobutylphenyl group, a n-pentylpbenyl group, a 
neopentylphenyl group, a n-hexylphenyl group, a n- octylphenyl 
group, a n-decylphenyl group, a n-dodecylphenyl group, a 
n-tetradecylphenyl group, a naphthyl group and an anthracenyl 
group . 

Each of these aryl groups maybe substituted with a halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom 
and an iodine atom; an alkoxy group such as a methoxy group 
and an ethoxy group,- an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyloxy group. 

The aryl group Is preferably an aryl group having 6 to 
20 carbon atoms, and more preferably a phenyl group. 

Examples of the hydrocarbonoxy group as X 1 in the formula 
15] are an alkoxy group, an aryloxy group and an aralkyloxy 
group . Preferred is an alkoxy group having 1 to 20 carbon atoms , 
an aryloxy group having 6 to 20 carbon atoms, or an aralkyloxy 
group having 7 to 20 carbon atoms. Examples thereof are 
hydrocarbonoxy groups as above- exemplified as L l , a 
(2-methylphenyl)methoxy group, a <3-methylphenyl)methoxy 
group, a ( 4-methylphenyl)niethoxy group, a 
(2,3-dlmethylphenyl)raethoxy group, a 
(2,4-dimethylphenyl)methoxy group, a 



38 

( 2, 5- dime thylphenyl) methoxy group, a 
(2,6-dimethylphenyl)methoxy group, a 
(3,4-dimethylph nyl)methoxy group, a 
(3. 5 -dime thy lphenyl) methoxy group, a 
(2, 3, 4<-trimethylphenyl)methoxy group, a 

(2,3, 5 -trimethylphenyl) methoxy group and a benzyloxy group . 
More preferred is a methoxy group, an ethoxy group, an 
isopropoxy group, a tert-butyl group, an isobutoxy group, 
a phenoxy group, a 2 . 6-di( tert-butyl )phenoxy group or a 
benzyloxy group,- further preferred ±s a methoxy group, a 
phenoxy group, a 2 , 6-di( tert-butyl )phenoxy group or a 
benzyloxy group, and particularly preferred is amethoxy group 
or a phenoxy group. 

X 1 is more preferably a chlorine atom, a methyl group, 
an ethylgroup, a n -propyl group, an lsopropyl group, an-butyl 
group, a benzyl group, an allyl group, a methallyl group, a 
methoxy group, an ethoxy group or a phenoxy group, and further 
preferably a chlorine atom, a methyl group, a methoxy group 
or a phenoxy group. 

Examples of the metal compound represented by the formula 
[5], wherein M 2 is a titanium atom, are 

dimethylsiiyienebls ( cyclopentadienyl ) titanium dlchlorlde , 
dimethylsilylenebis(2-methylcyclo P entadienyl) titanium 
dlchlorlde . dimethylsiiyienebls ( 3 -methylcyclopent adienyl ) 
titanium dlchlorlde, 

dimethylsilylenebis(2-n-butylcyclo P entadienyl) titanium 

dlchlorlde, dimethylsiiyienebls (3 -n-butylcyclopentadienyl) 
titanium dlchlorlde, 

dimethylsiiyienebls ( 2 , 3-dimethylcyclopentadlenyl ) titanium 
dlchlorlde, 



dimethylsilyienebis ( 2 . 4 -dimethylcyclopent ad±enyl ) titanium 
dlchlorid , 

dimethylsilyienebis ( 2 . 5-dimethylcyclopentadienyl) titanium 
dichloride, 

dimethylsilylenebieO^-dimethylcyciopentadienyl) titaniun, 
dichloride . 

dimethylsilyienebis (2,3- ethyimethylcyclopentadienyl ) 
titanium dichloriae, 

dimethylsilyienebis ( 2 , 4 -ethyimethylcyclopentadienyl) 
titanium dichloride. 

dimethylsilyienebis ( 2 , 5 -ethyimethylcyclopentadienyl ) 
titanium dichloride, 

dimethylsilyienebis (3 , 5-ethylmethylcyclopentadienyl ) 
titanium dichloride, 

aimethylsilyienebis (2,3.4 - trimethylcyclopentadienyl ) 
titanium dichloride, 

dimethylsilyienebis (2,3, 5 -trimethylcyclopentadienyl ) 
titanium dichloride, 

dimethylsilyienebis ( tetramethyioyclopentadienyl j titanium 
dichloride , dimethylsilyienebis ( indenyl , titanium dichloride , 
dimethylsilyienebis ( 4 ,5,6 , 7- tetrahydroindenyl) titanium 
dichloride, 

dimethylsilyiene ( cyclopentadienyl ) ( indenyl ) titaniun. 
dichloride , dimethylsilyiene (methylcyclopentadienyl ) 
(indenyl) titanium dichloride. 

dimethylsilyiene ( n - butylcyclopent adienyl ) ( indenyl ) 
titanium dichloride. 

dimethylsilyiene ( tetramethyioyclopentadienyl ) 
(indenyl) titanium dichloride, 

dimethylsilyiene ( cyclopentadienyl ) ( f luorenyl ) titanium 
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dichloride . 

dimathylailylenednethyicyclopentadienyl) (fluor nyl) 
titanium dichloride, 

dlmethylsilylene ( n-butylcyclopentadienyl ) ( f luorenyl ) 
titanium dichloride, 

dimethylellylene ( t etramethylcyclopentadienyl ) ( f luorenyl } 
titanium dichloride, ana 

dimethyisilyiene(indenyl) (f luorenyl) titanium dichloride; 

and compounds obtained by changing "dlmethylsilylene" in the 

above compounds to "diethylsilyiene" . "diphenylsilyiene" or 

" dimethoxysllylene " . 

Further examples of the metal compound represented by 
the formula 15], wherein M 2 is a titanium atom, are 
bis ( cyclopent adienyl ) titanium dichloride , 
bis (methylcyclopentadienyl) titanium dichloride, 
bis ( n-butylcyclopentadienyl ) titanium dichloride , 
bis ( dime thylcyclopentadienyl ) titanium dichloride , 
bis (ethylmethylcyclopentadlenyi) titanium dichloride, 
bis ( trimethyicyclopentadienyl) titanium dichloride, 
bis ( tetramethylcyclopentadienyl ) titanium dichloride , 

bis (pentamethylcyclopentadienyl) titanium dichloride, 
bis (indenyl) titanium dichloride, 

bis ( 4 , 5 , 6 , 7 - tetrahydroindenyl) titanium dichloride , 

bis ( f luorenyl ) titanium dichloride , 

bis ( 2 -phenylindenyl ) titanium dichloride , 

bis [ 2 - ( bis - 3 , 5 - trif luoromethyiphenyl ) indenyl ] titanium 

dichloride. bls[2- (4-tert-butylphenyl) indenyl] titanium 

dichloride, 

bis 1 2 - ( 4 - trif luoromethyiphenyl ) indenyl ] titanium dichloride , 
bis [ 2 - ( 4 -methylphenyl ) indenyl J titanium dichloride . 
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bis 1 2 - ( 3 . 5-dimethylphenyl ) ind nyl J titanium dichloride , 
bis[2-(pentafluorophenyi)ind nyl] titanium dichloride, 
cyclopentadienyl (pentamethylcyclopentadienyl) titanium 
dichloride . cyclopentadienyl ( indenyl ) titanium dichloride . 
cyclopent adienyl ( £ luorenyl ) titanium dichloride , 
indenyl ( £ luorenyl ) titanium dichloride , 

pentamethylcyclopentadienyl (indenyl) titanium dichloride. 
pentamethylcyclopentadienyl ( f luorenyl ) titanium dichloride . 
cyclopentadienyl ( 2 -phenylindenyl ) titanium dichloride , 
pentamethylcyclopentadienyl ( 2 -phenylindenyl ) titanium 
dichloride , ethylenebig ( cyclopentadienyl ) titanium 
dichloride , ethylenebls ( 2 -methylcyclopentadienyl ) titanium 
dichloride , ethylenebls ( 3 -methylcyclopentadienyl ) titanium 
dichloride . ethylenebls ( 2 -n-butylcyclopen tadienyl ) titanium 
dichloride , ethylenebls ( 3 -n-butylcyclopen tadienyl ) titanium 
dichloride , 

ethylenebls ( 2 , 3 -dimethylcyclopent adienyl ) titanium 
dichloride , 

ethylenebls ( 2 , 4 -dimethylcyclopent adienyl ) titanium 
dichloride , 

ethylenebls (2, 5 -dimethylcyclopent adienyl) titanium 
dichloride , 

ethylenebls ( 3 , 4 -dimethylcyclopen tadienyl ) titanium 
dichloride, 

ethylenebls ( 2 , 3 -ethylmethylcyclopentadienyl) titanium 
dichloride, 

ethylenebls (2,4- ethylmethylcyclopentadienyl ) titanium 
dichloride , 

ethylenebls ( 2 , S -ethylmethylcyclopentadienyl ) titanium 
dichloride. 
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ethylene*** ( 3 ,5 - ethylmethylcycl pent adienyl ) titanium 
dlchlorlde , 

ethylenebis (2,3,4- trimethylcyclopentadi nyl ) titanium 
dlchlorlde , 

ethylenebis (2,3,5- trimethylcyclopen tadienyl ) titanium 

dlchlorlde , ethylenebis ( tetramethylcyclopent adienyl ) 

t Itanium dlchlorlde , ethylenebis ( indenyl ) titanium dlchlorlde , 

ethylenebis (4,5,6.7- tetrahydroindenyl ) titanium dlchlorlde , 

ethylenebis ( 2 -phenylindenyl ) titanium dlchlorlde , 

ethylenebis ( f luorenyl ) titanium dlchlorlde , 

ethylene ( cyclopen tadienyl ) 

(pentamethylcyclopentadienyl) titanium dlchlorlde, 
ethylene ( cyclopent adienyl ) ( indenyl ) titanium dlchlorlde , 
ethylene (methylcyclopent adienyl ) ( indenyl ) titanium 
dlchlorlde , 

ethylene (n-butylcyclopentadlenyl) (indenyl) titanium 
dlchlorlde. ethylene (tetramethylcyclopent adienyl) 
(indenyl) titanium dlchlorlde, 

ethylene (cyclopen tadienyl) (f luorenyl) titanium dlchlorlde. 
ethylene (me thylcyclopentadienyl ) ( f luorenyl ) titanium 
dlchlorlde, ethylene 

( pent amethylcyclopentadienyl )( f luorenyl ) tit anium 
dlchlorlde , ethylene ( n - bu tylcyclopentadienyl ) 
(f luorenyl) titanium dlchlorlde, ethylene 
(tetramethylpentadienyl) (f luorenyl) titanium dlchlorlde. 
ethylene(indenyl) (f luorenyl) titanium dlchlorlde, 
isopz:opylidenebls( cyclopent adienyl) titanium dlchlorlde, 
isopropyiidenebis ( 2-me thylcyclopentadienyl ) titanium 
dlchlorlde , 

lsopropyliden big ( 3 -me thylcyclopentadienyl) titanium 



dlchloride. 

isopropylidenebis ( 2 -n-butylcyclopentadi nyl ) titanium 
dlchloride r 

isopropylidenebis ( 3 -n-butylcyclopentadienyl ) titanium 
dlchloride , 

isopropylidenebis ( 2 . 3 -dimethylcyclopentadienyl ) titanium 
dlchloride , 

isopropylidenebis ( 2 , 4 -dimethylcyclopentadienyl ) titanium 
dlchloride , 

isopropylidenebis ( 2 , 5 -dimethylcyclopentadienyl) titanium 
dlchloride, 

isopropylidenebis ( 3 . 4 -dimethylcyclopentadienyl ) titanium 
dlchloride , 

isopropylidenebis ( 2 , 3-ethylmethylcyclopentadienyl ) 
titanium dlchloride, 

isopropylidenebis ( 2 . 4 -ethylmethylcyclopentadienyl ) 
titanium dlchloride, 

isopropylidenebis (2,5 -ethylmethylcyclopentadienyl ) 
titanium dlchloride, 

isopropylidenebis (3,5 -ethylmethylcyclopentadienyl ) 
titanium dlchloride, 

isopropylidenebis (2,3 , 4-trimethylcyclopentadienyl) 
titanium dlchloride, 

isopropylidenebis ( 2 , 3, 5-trimethylcyclopentadienyl) 
titanium dlchloride, 

isopropylidenebis (tetramethylcyclopentadienyl) titanium 
dlchloride, isopropylidenebis (indenyl) titanium dlchloride, 
isopropylidenebis (4,5,6, 7- te trahydroindenyl > titanium 
dlchloride , isopropylidenebis ( 2 -phenylindenyl ) titanium 
dlchloride . isopropylidenebis ( £ luorenyl ) titanium dichloriae , 



isopropyiidene ( cyclopentadienyl ) 

(tetram thylcyclopentadlenyl) titanium dichlorlde, 
isopropylidene(cyclo P entadienyl) (indenyl) titanium 
dichlorlde, isopropylid e ne(methylcyclopentadienyl) 
(indenyl) titanium dichlorlde. 

isopropylidene(n-butylcyclopentadienyl) (indenyl) titanium 
dichlorlde , Isopropyiidene ( tetrame thylcyclopentadlenyl ) 
(indenyl) titanium dichlorlde, isopropyiidene 
(cyclopentadienyl) (fluorenyl) titanium dichlorlde, 

isopropyiidene (me thyicyclopentadienyl) (fluorenyl) titanium 
dichlorlde, 

isopropyiidene ( n-butylcyclopentadienyl ) ( fluorenyl ) 
titanium dichlorlde, 

isopropyiidene ( tetramethylcyclopentadlenyl ) 
(fluorenyl) titanium dichlorlde, isopropyiidene 
(indenyl) (fluorenyl) titanium dichlorlde, 
cyclopentadienyl ( diethylamide ) titanium dichlorlde . 
cyclopentadienyl ( phenoxy ) titanium dichlorlde . 
cyclopentadienyl (2.6- dime thy Iphenyl ) titanium dichlorlde , 
cyclopentadienyl ( 2 , 6 -diisopropylphenyl ) titanium dichlorlde , 
cyclopentadienyl ( 2 . 6 -di- tert -butylphenyl ) titanium 
dichlorlde, 

pent amethylcyclopentadienyl (2,6- dime thylphenyl ) titanium 
dichlorlde, 

pent amethylcyclopentadienyl (2,6- dilsopropylphenyl ) 
titanium dichlorlde, 

pentamethylcyclopentadienyl ( 2 , 6 -di- tert -butylphenyl) 
titanium dichlorlde , indenyl ( 2 . 6 -diiaopropylphenyl, titanium 
dichlorlde, fluorenyl ( 2 , 6 -diisopropy Iphenyl) titanium 
dichlorlde , 



( t ert -butylaraido ) tetrame thylcyclopent adienyl -1,2- 
ethanediyltltanium dichloride, 

(roethylamido ) tetramethylcyclopentadienyl- 1 , 2- 
ethanediyltitanium dicnlor±de, 

( ethylamido ) tetramethylcyclopentadienyl -1,2- 

ethanediyltitanium dichloride, 

( t ert -butylamldo ) tetrame thylcyclopent adienyl 

dimethyieilanetitanium 

dichloride , ( benzylamido ) t etramethylcyclopent adienyl 
dimethylgiianetitanlum dichloride, 
(phenylphosphido ) tetramethylcyclopentadienyl 
dimethyieilanetitanium dichloride. 

( tert-butylamido ) indenyl- 1 , 2 -ethanediyltitanium dichloride , 
( tert - butylamldo ) tetrahydroindenyl -1,2 -e thanediyl titanium 
dichloride , 

( tert-butylamldo)f luorenyl-i , 2 -ethanediyltitanium 

dichloride, (tert-butylamido)lndenyldimethyl e ii an etitanium 
dichloride, 

( tert -butylamldo ) tetrahydroindenyldimethylsilane titanium 
dichloride , 

( tert -butylamldo ) f luorenyldlmethyleilanet Itanium 
dichloride , 

( dime thylaminomethyl ) tetramethylcyclopentadienyl 
titanium (in) dichloride. 

( dime thylamlnoethyl ) tetramethylcyclopentadienyl 
titanium (in) dichloride, 

(dimethylaminopropyDtetramethylcyclopentadienyl-titanium 
(III) dichloride, 

(N-pyrrolldinylethyDtetramethylcyclopentadienyo^titaniun, 
dichloride , 
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( B-dimethylamlnoborabenzene ) cyclopentadienylzirconium 
dlchloride , 

cyclopentadi nyl(9-m sitylboraanthracenyl) zirconium 
dlchloride , 

2 , 2 ■ - thiobis ( 4 -methyl - 6 - tar t -butylphenoxy ) titanium 
dlchloride , 

2,2 • -thiobiar4-methyl-6-(l-methylathyl)phenoxy] titanium 
dlchloride , 2.2'- thiobis [ 4 . 6 -dimethylphenoxy J titanium 
dlchloride , 

2,2' -methylenebis ( 4 -methyl-6- tert- butylphenoxy ) titanium 
dlchloride, 

2,2' -ethylenebis ( 4 -methyl -6- tert -butylphenoxy) titanium 
dlchloride, 2,2- -sulf inylbis (4 -methyl-6 -tert -butylphenoxy) 
titanium dlchloride, 

2 , 2 • - (4 . 4 • , 6 . 6 • -tetra-tert-butyl-1 , 1 ■ -biphenoxy) titanium 
dlchloride, (fli-tert-butyl-i,3-propanediamido)titanlum 
dlchloride . ( dicyclohexyi- 1 . 3 -propanediamido ) titanium 
dlchloride , 

[bis ( trimethylsilyl ) -1 , 3 ~ propanediamido ] titanium 
dlchloride , 

[bis ( tert -butyldimethylsilyl ) - 1 , 3 -propanediamido) 
titanium dlchloride, 

[ bis ( 2 . 6 - dimethyiphenyl ) - i , 3 -propanediamido ] titanium 
dlchloride, 

[bis ( 2 . 6-diiso P ropylphenyl ) -1 , 3 -propanediamido) titanium 
dlchloride, 

[ bis C 2 , 6 - di - 1 ert - butylphenyi 3 -propanediamido ) 
titanium dlchloride, 

[ bis ( triisopropylsilyl ) naphthalenedlamldo ] titanium 
dlchloride , 



I bis ( trime thyisiiyi ) naphthalenediamldo ] titanium bichloride , 

[bi e (tert-butyldimethylsilyi)napbthalen diamido] titanium' 
dichioride , 

[ bis ( ter t -butyldimethylsilyl ) naphthalenediamldo J titanium 
dlbromide. cyclopentadienytitanium trichloride, 
pentamethylcyclopentadienyltitanium trichloride , 
[hydrotris ( 3 , 5 -dimethylpyrazolyl ) borate ] titanium 
trichloride , 

[hydrotris (3,5 -diethylpyrazolyl ) borate ] titanium 
trichloride , 

[hydrotris(3, 5 ^di-tert-butylpyrazolyl)borate] titanium 
trichloride , [ tris (3,5 -dimethylpyrazolyl )methyl ] titanium 
trichloride , [ tris ( 3 , 5 -diethylpyrazolyl )methyl ] titanium 
trichloride and 

I tris ( 3, 5-di-tert-butylpyrasolyl)methyl] titanium 
trichloride . 

Still further examples of the metal compound represented 
by the formula [ 5 ] . wherein M 2 is a titanium atom, are compounds 
in which -dichioride- in the abnove-mentioned compounds is 
changed to -difluorlde", "dibromide", "diiodlde", "dimethyl", 
"diethyl", "diisopropyl". "diphenyl", "dibenzyl". 
"dimethoxlde", "diethoxide" . "di-n-propoxide» , 
"diisopropoxide". "di-n-butoxide", "diisobutoxide- , 
"di-tert-butoxide", "diphenoxide" or 

■di(2,6-di-tert-butylphenoxide», and compounds in which 
-trichloride- m the above-mentioned compounds is changed to 
"trifluoride", - tribromide - , "triiodide", "trimethyl", 
"triethyl", "trilsopropyl" , "trlphenyl" , - tribenzyl" , 
"trimethoxide", "triethoxide" , "tri-n-propoxide" , 
"triisopropoxlde", "tri-n-butoxide" , » triisobutoxide" . 
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"tri-tert-butbxid "triphenoxide" or 
" tri ( 2 , 6 - di- tert -butylphenoxide - . 

Examples of the metal compound represented by the formula 
[ 5] , wherein M 2 Is a zirconium atom or a hafnium atom, are those 
in which a "titanium atom" in the above-mentioned compounds 
is changed to a "zirconium atom" or a "hafnium atom". 

Examples of the metal compound represented by the formula 
15], wherein M 3 is a nickel atom, are 
2,2' -methylenebis [ ( 4R) -4 -phenyl -5 , 5 ' - 
dimethyloxazollne ] nickel dibromide , 
2,2' -methylenebis [ ( 4R) -4 -phenyl -5 , 5 ' - 
diethyloxazoline] nickel dibromide, 
2,2' -methylenebis [ ( 4R ) - 4 -phenyl -5,5'- 
di-n-propyloxazoline] nickel dibromide, 
2,2' -methylenebis [ ( 4R ) - 4 -phenyl - 5 , 5 ' - 
dilsopropyloxazoline ] nickel dibromide , 
2,2' -methylenebis [ ( 4R) -4 -phenyl -5 , 5 » - 
dlcyclohexyloxazoline J nickel dibromide , 
2,2' -methylenebis [ ( 4R) -4 -phenyl -5 , 5 ' - 
dimethoxyoxazoline ] nickel dibromide , 

2,2' -methylenebis [ ( 4R) -4 -phenyl -5 . 5 ' -diethoxyoxazoline ] 
nickel dibromide, 

2,2' -methylenebis [ ( 4R) -4-phenyl- 5 , 5 ' -diphenyloxazollne ] 
nickel dibromide, 

methylenebis [ ( 4R ) - 4 -methyl - 5 . 5 ■ -di- ( 2 -methylphenyl ) 
oxazoline] nickel dibromide, 

methylenebis [ ( 4R) -4-methyl-5 , 5 ■ -di- ( 3 -methylphenyl) 
oxazoline] nickel dibromide, 

methylenebis [ ( 4R j - 4 -methyl- 5 , 5 • -di - ( 4 -methylphenyl ) oxazol 
ine] nickel dibromide. 



methylenebls [ (4R ) - 4 -methyl- 5 , 5 • - di- ( 2 -methoxyphenyl ) 
oxazolin ] nickel dibromide, 

methylenebls [ ( 4R) -4 -methyl- 5 , 5 • -di- ( 3 -methoxyphenyl ) 
oxazoline] nickel dibromide, 

methylenebls [ (4R) -4-methyl-5, 5 ' -di- ( 4 -methoxyphenyl) 
oxazoline J nickel dibromide , 

methylenebls [spiro{ (4R) -4-methyioxazoline- 5. 1 • - 
oyclobutane}] nickel dibromide, 

methylenebls rspiro< (4R) -4-methyloxazoline-5 , 1 • - 
cyelopentane}] nickel dibromide, 

methylenebls [ spiro{ ( 4R ) - 4 -me thyloxazoline- 5 , 1 • - 
cyclohexane}] nickel dibromide, 

methylenebls t spiro{ ( 4R) -4 -methyloxazoline-5 , 1 » - 
cycloheptane}! nickel dibromide, 

2,2 • -methylenebls [ (4R) -4-isopropyl-S . 5-dimethyloxazoline] 
nickel dibromide, 

2,2' -methylenebls! (4R) -4-isopropyl-s, 5-diethyloxazollne] 
nickel dibromide, 

2. 2' -methylenebls t (4R) -4-isopropyl-5, 5-di-n- 
propyloxazoline ] nickel dibromide , 

methylenebisr(4R)-4-isopropyl-5,5^dli S opropyloxa Z oline] 
nickel dibromide, 2,2' -methylenebls [ (4R>- 4-isopropyl-s . 5- 
dlcyclohexyloxazoline ] nickel dibromide , 

2,2' -methylenebls I ( 4R) -4-isopropyl-s, 5-diphenyloxazoline] 
nickel dibromide, 

2,2- -methylenebls [ ( 4R) -4-lsopropyl- 5 , 5-di- ( 2 - 
methylphenyl ) oxazoline J nickel dibromide , 

2,2' -methylenebls [ ( 4R) -4-isopropyl-5 , 5 -di- ( 3 -methylphenyl 
) oxazoline] nickel dibromide, 

2.2* -methylenebls [ ( 4R ) - 4 - isopropyl -5, 5-di -(4- 



methylphenyl ) dxazoline ] nickel dibromide , 

2.2' -me thylenebis [ ( 4R ) , 4 - isopropyl -5,5-di-{2- 

methoxyphenyl)oxazoline]nlck 1 dibromide, 

2 , 2 » -methylenebis [ ( 4R ) - 4 - is opropyl -5,5-dl-(3- 

methoxyphenyl ) oxazoline ] nickel dibromide , 

2,2* -methylenebis f (4R) -4- is opropyl -5,5-di-(4- 

methoxyphenyl ) oxazoline ] nickel dibromide , 

2,2' -methylenebis f S piro{ ( 4R) -4-isopropyloxazoline-5 , 1 ■ - 

cyclobutane}] nickel dibromide, 

2,2' -methylenebis fspiro{ ( 4R) -4 -isopropyloxazoline- 5. 1 ' - 
cyclopentane}] nickel dibromide, 

2,2' -methylenebis [ splro{ ( 4R ) - 4 - isopropyloxazoline- 5 , 1 • - 
cyclohexane } ] nickel dibromide , 

2,2- -methylenebis [spiro{ (4R) -4 -isopropyloxazoline -5, 1 ■ - 
cycloheptane} Jnickel dibromide , 

2,2' -methylenebis [ < 4R) -4-isobutyl-5 , 5-dimethyloxazoline] 
nickel dibromide, 

2,2' -methylenebis [ ( 4R) -4-isobutyl-5 , 5-diethyloxazoline ] 
nickel dibromide, 

2,2' -methylenebis [ ( 4R) - 4 -isobutyl -5 , 5 -di-n- 
propyloxazoline ] nickel dibromide , 
2,2' -methylenebis [ ( 4R ) - 4 - isobutyl- 5 , 5 - 
diisopropyloxazoline] nickel dibromide, 
2 , 2 » -methylenebis [ ( 4R ) - 4 - isobutyl- 5,5- 
dicyclohexyloxazoline ] nickel dibromide , 

2,2' -methylenebis [ ( 4R ) - 4 - isobutyl -5,5- diphenyloxazoline ] 
nickel dibromide, 

2,2' -methylenebis! ( 4R) -4-isobutyl-5 . 5-dl- (2 -methylphenyl) 
oxazoline Jnickel dibromide, 

2,2' -methylenebis [ ( 4R ) - 4 -isobutyl- 5 , 5 -di - ( 3 -methylphenyl ) 
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oxazoline ] nickel dibromide, 

2.2' -methylenebis [ < 4R) -4-isobutyl-5 , 5-di- (4-methylpn ny. 

oxazoline] nickel dibromide. 

2.2' -methylenebis [ ( 4R ) - 4 -isobutyl - 5 . 5 -di - 

( 2 -me thoxyphenyl) oxazoline] nickel dibromlde. 

2,2' -methylenebis [ ( 4R ) - 4 - isobutyl - 5 , 5 - di - 

( 3 -me thoxyphenyl ) oxazoline ] nickel dibromlde , 

2,2' -methylenebie [ ( 4R ) - 4- isobutyl- 5 , 5 -di- 

( 4 -me thoxyphenyl ) oxazoline ] nickel dibromlde , 

2,2* -methylenebis [ spiro{ ( 4R ) - 4 -lsobutyloxazoline- 5 , 1 ' - 

cyclobutane } ] nickel dibromlde , 

2,2' -methylenebisr splro{ ( 4R) - 4 -lsobutyloxazoline- 5 , l • - 
cyclopentane}] nickel dibromide, 

2,2' -methylenebis [ spiro{ ( 4R ) - 4 - lsobutyloxazoline- 5 , 1 • - 
cyclohexane > ] nickel dibromlde , 

2,2' -methylenebis [ spiro{ ( 4R) -4-isobutyloxazoline-5 , 1 ' - 
cycloheptane}]nickel dibromlde, 
2,2' -methylenebis [ ( 4R ) - 4 - t ert -butyl -5,5- 
dimethyloxazoline Jnickel dibromide , 

2,2' -methylenebis [ ( 4 R) -4-tert-butyl-5 . 5-diethyloxazoline ] 
nickel dibromide . 

2.2- -methylenebis [ ( 4R) -4-tert-butyl-5 , 5-di-n- 

propyloxazoline ] nickel dibromlde , 

2,2' -methylenebis [ ( 4R ) - 4 - t er t - butyl -5,5- 

diisopropyloxazoline]nickel dibromide, 

2,2' -methylenebis [ ( 4R ) - 4 - t ert -butyl -5,5- 

diphenyloxaz oline ] nickel dibromide , 

2,2' -methylenebis [ ( 4R ) - 4 - t er t - bu ty 1 - 5 , 5 - 

dlcyclohexyloxazoline] nickel dibromide, 

2,2' -me thylenebi e [ ( 4R ) - 4 - t er t - bu tyl- 5 , 5 - di - ( 2 - 



methylphenyl) oxazoline] nickel dibromid 
2,2- -methylenebis r ( 4R ) - 4 - 1 er t - butyl -5, 5- di -Ca- 
me thy Iphenyl) oxazoline] nickel dibroraide. 
2,2' -methylenebis [ ( 4R ) - 4 - t ert - bu tyl - 5 , 5 - di - ( 4 - 

methylphenyl ) oxazoline ] nickel dibromide . 

2 , 2 » -methylenebis r ( 4R ) - 4 - 1 ert - butyl -5,5-di-(2- 

methoxyphenyl ) oxazoline ] nickel dibromide , 

2.2' -methylenebis [ ( 4R ) - 4 - tert-butyl- 5 , 5 -di- ( 3- 

roethoxyphenyl ) oxazoline ] nickel dibromide , 

2,2' -methylenebis [ (4R) -4 -tert-butyl- 5 , 5-di- ( 4- 

me thoxypheny 1 ) oxaz oline ] n ickel dibromide , 

2,2' -methylenebis I spiro{ ( 4R ) -4 - tert-butyloxazoline-5 , 1 ' - 

cyclobutane} Jnickel dibromide, 

2,2- -methylenebis [ spiro { ( 4R ) - 4 - ter t -bu tyloxazoline -5,1'- 
cyclopentane} Jnickel dibromide, 

2,2- -methylenebis [spiro{ ( 4R ) -4- tert-butyloxazoline-5 , 1 ■ - 
cyclohexane ) ] nickel dibromide , 

2.2' -methylenebis [spiro{ (4R) -4- tert-butyloxazoline-5, 1 ■ - 
cycioheptane}] nickel dibromide, 

2,2' -methylenebis [ ( 4R) -4-phenyl-5 . 5-dimethyloxazoline ] 
nickel dibromide, 

2,2- -methylenebis [ ( 4R) -4 -phenyl -5 , 5-diethyloxazoli„e] 
nickel dibromide, 

2,2- -methylenebis [ ( 4R) -4 -phenyl- 5 , 5-di-n-propyloxazoline ] 
nickel dibromide, 

2,2- -methylenebis [ ( 4R ) - 4 -phenyl -5.5- diisopropyloxaz oline ] 
nickel dibromide, 2 . 2 • -methylenebis [( 4R) -4-phenyl-5 , 5- 
dicyclohexyloxazoline] nickel dibromide, 

2,2- -methylenebis [ ( 4R) -4-phenyl-5 , 5 - dlphenyl J oxazoline J 
nickel dibromide. 
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2.2' -methylenebis [ ( 4R ) - 4 - phenyl - 5 , 5 - dl - ( 2 -me thyiphenyl ) 
oxazoline I nickel dibromide, 

2,2- -methylen bis [ ( 4R ) - 4 - phenyl - 5 . 5 -di - ( 3 -me thyiphenyl ) 
oxazoline ] nickel dibromide , 

2.2' -methylenebis [ ( 4 R ) -4-phenyl-5 . 5-di- ( 4 -methylphenyl ) 
oxazoline] nickel dibromide, 

2.2'-methylenebi s [(4R)-4-phenyl-5,5-di-(2-methoxyphenyl) 
oxazoline] nickel dibromide, 

2.2' -methylenebis [ ( 4R) -4-phenyl-5 , 5-di- ( 3 -methoxyphenyl ) 
oxazoline] nickel dibromide, 

2,2' -methylenebis [ ( 4R) -4 -phenyl- s , 5-dl- ( 4 -methoxyphenyl) 
oxazoline] nickel dibromide, 

methylenebis [ splro{ ( 4R ) - 4 -phenyloxazoline- 5 , 1 • - 
cyclobutane} ]nickel dibromide , 

2,2' -methylenebis [spiro{ (4R) - 4 -phenyloxazoline- 5 , l • - 
cyclopentane}] nickel dibromide, 

2,2' -methylenebis [ spiro{ ( 4R) -4 -phenyloxazoline- 5 . 1 • - 
cyclohexane}] nickel dibromide, 

2,2- -methylenebis [ splro{ ( 4R) -4 -phenyloxazoline -5 , 1 • - 
cycloheptane}] nickel dibromide, 

2,2' -methylenebis I ( 4R ) -4-benzyl- 5 , 5 -dimethyloxazollne ] 
nickel dibromide, 

2,2' -methylenebis [ ( 4R ) - 4 - benzyl - 5 . 5 - die thyloxazoline ] 
nickel dibromide, 

2,2' -methylenebis [ ( 4R) -4-benzyl- 5 , 5-di-n-propyloxazoline] 
nickel dibromide, 

2,2- -methylenebis U 4R) -4-benzyl- 5 , 5-dlisopropyloxazoline] 
nickel dibromide, 2. 2 ' -methylenebis [( 4R) -4 -benzyl- 5, 5. 
dlcyclohexyloxazollne ] nickel dibromide , 

2,2 • -methylenebis [ (4R) ~4-benzyl- 5 . 5 -diphenyl] oxazoline 1 
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nickel dibromide, 

2,2' -methylenebis [ ( 4R) -4 -benzyl - 5 . 5 -di- ( 2 -methylphenyl ) 
oxazoline J nickel dibromide, 

2,2' -methylenebis t ( 4R) -4 -benzyl-5 , 5-di- ( 3 -methylphenyl ) 
oxazoline] nickel dibromide. 

2.2'- n , e thylenebi S [(4R)-4-benzyi-5, 5 -di-(4-methylphenyl) 
oxazoline] nickel dibromide, 

2,2' -methylenebis! ( 4R) -4 -benzyl- 5, 5-di- ( 2-methoxyphenyl) 
oxazoline] nickel dibromide, 

2,2' -methylenebis [ ( 4R) -4 -benzyl-5, 5-di- ( 3-methoxyphenyl) 
oxazoline] nickel dibromide, 

2,2- -methylenebis [ ( 4R ) - 4 - benzyl - 5 , 5 -di - ( 4 -me thoxyphenyl ) 
oxazoline ] nickel dibromide , 

2,2' -methylenebis [ splro { ( 4R ) - 4 - benzyioxazoline - 5 . 1 ' - 
cyclobutane } ] nickel dibromide , 

2,2' -methylenebis [spiro{ ( 4R) - 4 -benzyioxazoline- 5 , l • - 
cyclopentane}] nickel dibromide, 

2,2- -methylenebis [ spiro{ ( 4R ) - 4-benzyloxazoline- 5 , l • - 
cyclohexane)] nickel dibromide, and 

2,2- -methylenebis [ spiro{ ( 4R) -4-benzyloxazoline- 5,1'- 

cycioheptane) ] nickel dibromide; and antipodes and iastreomers 

of the above-mentioned compounds. Further examples thereof 

are [hydrotris(3,5-dimethylpyrazolyl)borate]nickel bromide, 

[hydrotris(3,5-dietHylpyrazolyl)borate]nickel bromide, and 

Ihydrotris(3,5-di-tert-butylpyrazolyl)borate]nickel 
bromide . 

Still further examples of the metal compound represented 
by the formula [5] , wherein M 2 is a nickel atom, are compounds 
in which "dibromide" in the above-mentioned compounds is 
changed to "dif luoride" . "dichloride" , "dliodide", "dimethyl". 
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"diethyl"-, "di'isopropyl". "dlphenyl", "dibenzyl". 
"dUnetnoxide", "diethoxide", "di-n-propoxid ", 
"diisopropoxide", "di-n-butoxide" . "diisobutoxide", 
"di-tert-butoxide", "diphenoxide" or 
"d±(2. 6-di-tert-butylphenoxide) " . 

A further example of tbe metal compound represented by 
the formula [5], wherein M 2 is a nickel atom, is a compound 
represented by the following formula [8] : 



R 73 R 74 




r71 ~ n { \—R 72 [8] 
X 9 X 10 



wherein each of R 71 and R 72 is 
and X 9 , X 10 , R" and R 74 are any 
groups shown in the folowing 



a 2, 6-diisopropylphenyl group j 
combination of the substituent 
Table 1. 



R 73 =R 74 =H 
X 9 =X 10 =F 


R 73 =R 74 =methyl 
X 9 =X 10 =F 


Acenaphthyl by R 73 & r 74 
X 9 =X 10 =F 


R 73 =R 74 =H 
X 9 «X 10 =C1 


R 73 =R 74 =methyl 
X 9 =x 10 =Cl 


Acenaphthyl by R 7 ' & r 74 
X 9 =X 10 =C1 


R 73 =R 74 =:H 
X 9 =X 10 =I 


R 73 =R 74 =methyl 
X 9 =X 10 =I 


Acenaphthyl by R 73 & r 74 
X 9 =X 10 =I 


R 73 =R 74 =H 
X 9 -X 10 *Methyl 


R 73 =R 74 =methyl 
X 9 =sX 10 -methyl 


Acenaphthyl by R 73 & r 74 
X 9 -X 10 =methyl [ 


R 73 =R 74 =H 
X 9 -X 10 =Ethyl 


R 73 =R 74 =methyl 
X»=x 10 =ethyl 


Acenaphthyl by R 73 & r 74 
X 9 -X 10 *ethyl 1 


R 73 =R 74 =H 
X 9 =X 10 - 
n- propyl 


R 73 =R 74 =methyl 

x 9 =x l0 = ! 

n- propyl 


Acenaphthyl by R 73 & r 74 
X 9 =x I0 =n -propyl 


R 73 =R 74 =H 

X 9 =X 10 = 

lsopropyl 


R 73 =R 74 =methyl 

x 9 =x 10 = 

isopropyl 


Acenaphthyl by R 73 & r 74 
X 9 =X l0 =isopropyl 


R 73 =R 74 =H 

x 9 =x 10 = 
n- butyl 


R 73 =R 74 =methyl 
X 9 =X 10 on -butyl 


Acenaphthyl by R 73 & r 74 
X 9 -X 10 =n- butyl 


R -R =»H 
X 9 =X 10 *phenyl 


R 73 =R 74 =methyl 
X 9 ^x 10 =phenyl 


Acenaphthyl by R 73 & r 74 
X 9 -X 10 =phenyl 


R 73 =R 74 =H 
X 9 -X 10 =benzyl . 


R 73 «R 74 *methyl 
X 9 =X 10 =benzyl . 


Acenaphthyl by R 73 & r 74 
X 9 =X 10 =benzyl 



Further examples of the metal compound represented by 
the formula [5] are compounds in which a "nickel atom- m the 
above-mentioned nickel compounds is changed to a "palladium 
atom- , a "cobalt atom" . a "rhodium atom" or a "ruthenium atom" . 

Examples of the metal compound represented by the formula 
[5], wherein M* is an iron atom, are 



2 . 6 -bis - [ 1 - ( 2 , 6 -dimethyiphenylimino ) ethyl ] pyridlneiron 
dichloride , 2 , 6 -bis - [ 1 - ( 2 , 6 -dilsopropylphenylimino ) ethyl ] 
pyridlneiron dichloride, 

2 , 6 ^bis - [ 1 - ( 2 - tert -butylphenylimino ) ethyl ] pyridlneiron 
dichloride , [ hydro t r is (3,5- dime thylpyraz olyl ) bora t e ] iron 
chloride, [hydrotris(3,5-dlethylpyrazolyl) boratejiron 
chloride , and 

[ hydrotrls ( 3 . 5 - di - tert -but ylpyraz olyl ) borate ] iron 
chloride; and compounds in which "dichloride" in the 
above-mentioned iron compounds is changed to "dibromlde" , 
"difluoride", "diiodide", "dimethyl", "diethyl", 
"diisopropyl", "dlphenyi", "dibenzyl" , "dimethoxide" , 
"diethoxide", "di-n-propoxide" , "diisopropoxide" , 
-dl-n-butoxide», "diisobutoxide", » di- text - but oxide " , 
"diphenoxide" or *di(2,6-di-tert-butylphenoxide) " . 

Further examples of the metal compound represented by 
the formula [5] are compounds obtained by changing an "iron 
atom" in the above-mentioned iron compounds to a "cobalt atom" 
or a "nickel atom". 

Examples of the (i -oxo type metal compound of the metal 
compound represented by the formula [5] are u 
- oxobis [ isopropylldene ( cyclopentadlenyl ) ( 2 -phenoxy ) 
titanium chloride], 

tf " oxobis t isopropylldene (cyclopentadlenyl) (2-phenoxy) 
titanium methoxlde] , 

U. - oxobis [isopropylldene ( cyclopentadlenyl ) 
(3-t e rt-butyl-5-methyl-2-phenoxy) titanium chloride] , 
H -oxobis [isopropylldene (cyclopentadlenyl) 
(3-tert-butyl- 5 -methyl-2-phenoxy)titanium methoxlde) , 
U. - oxobis [isopropylldene (methylcyclopentadienyl) 
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(2-phenoxy) titanium chloride], 

U -oxobis [ isopropylidene (methylcyclopentadienyl ) 
(2-phenoxy) titanium methoxide], 

U -oxobis (isopropylidene (methylcyclopentadienyl) 
<3-tert-butyl-5-methyl-2- P henoxy)titanium chloride] . 
U -oxobis f isopropylidene (methylcyclopentadienyl ) 
(3-tert-butyl-5-methyl-2- P henoxy)titenium methoxide] . 
U -oxobis [ isopropylidene ( tetramethylcyclopentadienyl) 
(2-phenoxy) titanium chloride], 

U -oxobis [ isopropylidene ( tetramethylcyolopentadienyl ) 
(2-phenoxy)titanlum methoxide], p. -oxobis [isopropylidene 
( t e tramethylcyclopent adienyl ) ( 3 - t er t - bu tyl - 5 -methyl - 2 - 
phenoxy) titanium chloride ] , u -oxobis [ isopropylidene 
(tetramethylcyolopentadienyl ) ( 3 - t er t - butyl - 5 -methyl - 2 - 
phenoxy) titanium methoxide] , u -oxobis 

[dimethylsiiyi ene (cyclopentadienyl) (2-phenoxy) titanium 
chloride], a -oxobis Idimethylsilylene(cyclopentadienyl) 
(2 -phenoxy) titanium methoxide], 

U -oxobis [dimethylsilylene(oyclopentadlenyl) 

(3-tert-butyl-5-methyl-2-phenoxy)titanium chloride] , 

U -oxobis [dimethylsllylene(cyclopentadienyl) 

(3~tert-butyl-5-methyl~2-phenoxy)titanium methoxide] , 

A-oxoblsIdlmethyisilyiene(methylcyclopentadienyl) 
(2-phenoxy) titanium chloride], 

/x-oxobisrdlmethylsilylene(methylcycldpentadienyl) 
(2-phenoxy) titanium methoxide]. 

U -oxobis [ dimethylsilylene (methylcyclopentadienyl) 
(3-tert-butyl-5-methyl-2-phenoxy)tltanium chloride] , 
U -oxobis [dimethylsilylene(methylcyclopentadienyl) 
(3-tert-butyl- 5 -methyi-2-phenoxy) titanium methoxid ], 
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ix - oxobis [ dimethylsiiyiene (tetramethylcyclop ntadienyl) 
(2 -phenoxy) titanium chloride], 

U -oxobls [ dimethylsiiyiene ( tetrame thylcyclopentadienyl ) 
(2 -phenoxy) titanium methoxide], 

H -oxobis [dimethyls ilylene< tetramethylcyclopentadienyl) 
(3-tert-butyl-5-methyl-2-phenoxy)tltanium chloride] , 
ix -oxobls [dimethylsiiyiene ( tetrame thylcyclopentadienyl ) 
(3-tert-butyl-5-methyi- 2 -phenoxy) titanium methoxide] . 
di- ix -oxobls [isopropylldene(cyclopentadienyl) 
(2 -phenoxy) titanium] , 

di- ix -oxobls [ ifiopropylidene ( cyclopentadienyl ) 

( 3 - ter t -butyl - 5 -me thyl- 2 - phenoxy ) tit anium ] , 

dl- ix -oxobls I ieopropylidene(methylcyclopentadlenyl) 

(2 -phenoxy) titanium] , 

di- n -°xobis [isopropylidene(methylcyclopentadienyl) 

( 3 - 1 er t - bu t yl - 5 -me thyl - 2 - phenoxy ) t it anium ] , 

di- it -oxobls [ isopropylidene ( tetrame thylcyclopentadienyl ) 

( 2 -phenoxy) titanium] , di- u -oxobls [ ifiopropylidene 

(tetramethylcyclopentadienyl) ( 3-tert-butyl-5-methyl-2- 

phenoxy) titanium] , di- fx -oxobls [ dimethylsiiyiene 

(cyclopentadienyl) (2 -phenoxy) titanium] , 

di - ix -oxobis [dimethylsiiyiene (cyclopentadienyl) 

(3-tert-butyl-5-methyl-2-phenoxy) titanium] , 

di- n -oxobis [dimethylsiiyiene (me thylcyclopentadienyl) 

( 2 -phenoxy) titanium] , di- u -oxobis [dimethylsiiyiene 

(me thylcyclopentadienyl ) { 3 - t ert - butyl - 5 -methyl- 2 -phenoxy) 

titanium] , di- IX -oxobis [dimethylsiiyiene 

(tetramethylcyclopentadienyl) (2-phenoxy) titanium] and 

di-^-oxobis[dimethylsilylene( tetramethylcyclopentadienyl) 
( 3 - tert -butyl- 5 -methyl- 2 -phenoxy ) titanium ] . 
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Other examples o£ th compound (B ) , wherein the m tal 
atom is a nickel atom, are nickel chloride, nickel bromide, 
nickel iodide, nick 1 sulfate, nickel nitrate, nickel 
perchlorate, nickel acetate, nickel trif luoroacetate, nickel 
cyanide, nickel oxalate, nickel acetylacetonate, bis(allyl) 
nickel , bis (1,5- cyclooc tadlene ) nickel , 
dichloro (1,5 -cyclooctadlene ) nickel , 
dlchlorobis ( acetonitrile ) nickel , 
dichlorobis ( benzonitrile ) nickel , carbonyl 
tr is ( triphenylphosphine ) nickel , 

dichlorobis ( triethylphosphine ) nickel , dl-acetobis 
( triphenylphosphine ) nickel , 

tetrakis( triphenylphosphine) nickel, dichloro [ 1 , 2 - bis 

( diphenylphosphino ) ethane J nickel , 

bis [ 1 , 2 -bis ( diphenylphosphino ) ethane ] nickel , 

dichloro ( 1 , 3 -bis ( diphenylphosphino ) propane ] nickel , 

bis [ 1 , 3-bls (diphenylphosphino) propane] nickel, tetraamine 

nickel nitrate, tetrakis (acetonitrile) nickel 

tetrafluoroborate and nickel phthalocyanine . 

Examples of the compound (B), wherein the metal atom 
is a vanadium atom, are vanadium acetylacetonate, vanadium 
tetrachloride and vanadium oxy trichloride . An example thereof , 
wherein the metal atom is a samarium atom, is 
bis (pentamethylcyclopentadienyl ) samarium 

methyltetrahydrofuran. An example thereof, wherein the metal 
atom is an ytterbium atom, is 

bis (pentamethylcyclopentadienyl ) ytterbium 
methyltetrahydrofuran. 

The above-mentioned compounds as the compound (B) may 
be used singly, or may be used in combination of twe or more 
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thereof. The compound (B) is preferably a m tal compound 
(metallocen metal compound) . wher in at 1 ast one L 2 in the 
formula [5] ±s a cyclopentadienyl type anion 
skeleton-containing group. Exampes of said metal compound are 
those respresented by the following formulae [9] to [11]. 



R 16 ^Cp 1 y 11 




,48 



,45 



V 4 %t 



,16 




56 




[9] 



Cl 0] 



[1 1] 



in these formulas, each of M 3 to M 7 is independently a 
metal atom of the Group 4 of the periodic table of the elements: 
each of A 1 to A s is independently an atom of the Group 16 of 
the periodic table of the elements; each of J 1 to J 5 i s an atom 
of the Group 14 of the periodic table of the elements; each 
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of Cp 1 to Cp fi is a group having a cyclopentadienyl anion sk leton - 
X" to X", R» to R", H 21 to R 26 , R« to R«, R« to R 46 and R" 
to R 56 are ind pend ntly a hydrogen atom, a halogen atom, a 
hydrocarbon group, a substituted silyl group, a hydrocarbon 
oxt group, a di-substituted amino group, a hydrocarbon thio 
group or a hydrocarbon seleno group, and R" to r", r" to R 26 , 
R 31 to R«, R« to r« and .« to R" may link to form a single 
ring or a plurarity of rings, which may be aromatic ring(s) 
or non-aromatic ring(s); and each of x" to X 17 is an atom of 
the Group 16 of the periodic table of the elements. 

Examples of M 3 to M 7 m the formulas [9] to [iij are a 
titanium atom, a zirconium ato and a hafnium atom. Preferred 
is a titanium atom or a zirconium atom. 

Examples of Cp 1 to Cp s in the formulas [9] to [11 J are 
an 1) 5 -( substituted) cyclopentadienyl group, an 77 
5 -(substituted)indenyl group and an ij 

5 -(substituted)fiuorenyl group. Specific examples thereof are 
an 77 5 - cyclopentadienyl group, an 77 5 -methyicyclopentadienyl 
group, an 77 s -dimethylcyclopentadienyi 
5 - trime thylcyclopent adienyl group , 

s -tetramethyicyclopentadienyl group, 
5 - e thylcyclopentadienyl group , 

s -n-propylcyclopentadienyl group , 

s -isopropylcyclopentadienyl group, 
5 -n-butylcyclopent adienyl group, 
- sec -butylcyclopent adienyl group , 

-tert-butylcyclopentadienyl group, 
-phenyicyclopentadienyl group, 
-trlmethysilyi cycl0pentadienyl group , 

- 1 ert -butyldlm thyls ilylcyolopent adienyl 
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5 -indenyl greup, an rj 5 -methylindenyl group, an 77 
s -dlmethyl±ndenyl group, an 77 s -n-p ropy i illQ e ny i gxoupt ^ v 
'-isopropylindenyl group, an 7} 5 -n-butylindenyl group, an 77 
^tert-butylindenyl group, an 77 s -phenylindenyl group, an 7? 
5 -methylphenylindenyl group, an r, 5 -naphthylindenyl group, an 
n 5 -trlmethyl si i y i lndenyl group , an n *- te trahydroindenyl 
group, an 77 s -f luorenyl group, an 77 s -methylf luorenyl group, 
an 77 ^dimethylf luorenyl group, an 77 s -tert-butylf luorenyi 
group, an 77 5 -di-tert-butylf luorenyl group, an 77 
5 -phenylf luorenyl group, an 77 5 -diphenylf luorenyl group. an 77 
5 -trlmethy 3 ±lyifiuorenyl group and an 77 

'-blstrimethysilylf luorenyl group, preferably an 77 
s -cyclopentadienyi group, an 77 5 -methyl cyc iopentadlen y i group, 
an 77 5 -n-butyl C yclopentadlenyi group, an 77 
s -tert-butylcyclopentadienyl group, an v 

5 -tetramethlcyclopentadienyl group, an 77 s -indenyi gr0 up, an 
77 s -tetrahydroindenyl group and an 77 5 -f luorenyl g roU p. 

Examples of the halogen atom of x 11 to X 14 , R 11 to r" 

R" tO R-. R" t o R ", R 4X to R4S ^ RS1 tQ R56 ^ fo£nuXa ' e 

191 to [11] are a fluorine atom, a chlorine atom, a bromine 
atom and an iodine atom, preferably a chlorine atom or a bromine 
atom, and more preferably a chlorine atom. 

Examples of the hydrocarbon group of x 11 to X 14 R u to 

a", R» to r", R3i to R 3«, R « to R , 6 and R51 tQ R56 in f ^ uiM 

f 9] to [11] are an alkyl group, an aralkyl group and aryl group. 

Examples of said alkyl group are a methyl group . an ethyl 
group, a n-propyl group, an isopropyl group, a n-butyl group, 
a sec-butyl group, a tert-butyl group, an isobutyl group, a 
n-pentyl group, a neopentyl group, a tert-pentyl group, a 
n-hexyl group, a n-octyl group, a n-decyl group, a n-dodecyl 



group, n.p ntidecyl group an <i a n - ± 00 syi group. 

These alkyl groups may b substituted with a halogen 
atom such as a fluorin atom, a chlorine atom, a bromine atom 
or an iodine atom. Examples of the alkyl group substituted 
with a halogen are a fluoromethyl group, a trif luoromethyl 
group, a chloromethyl group, a trichloromethyl group, a 
fluoroethyl group, apentaf luoroethyl group, a perf luoropropyl 
group, a perfluorobutyl group, a perf luorohexyl group, a 
perf luorooctyl group, perchloropropyl group , a per chlorobutyl 
group and perbromopropyl group. 

These halogenated alkyl groups may also be substituted 
with an alkoxy group such as a methoxy group and an ethoxy 
group ; an aryloxy group such as a phenoxy group, or an aralkyloxy 
group such as a benzyloxy group. 

The alkyl group in the formulas [9] to [11] is preferably 
an alkyl group having 1 to 20 carbon atoms, and more preferably 
amethylgroup, an ethyl group, an isopropyl group , a tert -butyl 
group, an isobutyl group or a tert-pentyl group. 

Examples of the aralkyl group of x 11 to X 14 , R 11 to R 16 
R" to R 26 , R" to R«, R 41 to R 4 « and R S1 to R" in the formulas 
19} to fli] are a benzyl group, a (2-methylphenyl)methyl group, 
a (3-methylphenyl)methyl group, a (4-methylphenyl)methyl 
9roup, a (2,3-dimethylphenyl)methyl group, a 
(2,4- dime thylphenyl ) methyl group a 

( 2 , 5 -dime thylphenyl ) methyl group , a 

(2,6- dime thylphenyl ) methyl group , a 

( 3 , 4 - dime thylphenyl ) me t hy 1 group 
(3,5- dimethylphenyl ) methyl group , 

(2,3,4 - 1 imethylphenyl > methyl group , a 

(2,3,5-timethylpiienyl)raethyl group, a 



(2,3.6- timethylphenyl )methyl group , a 

(3,4.5-timethylph nyl) methyl group, 
(2,4,6- timethylphenyl ) methyl group . a 

(2,3,4,5-tetramethylphenyl)roethyi group, a 

(2.3,4,6-tetraraethylphenyl)methyl group, a 

(2,3,5,6-tetramethylpheayl)methyl group, a 

(pentamethylphenyl)methyl group, an ( ethylphenyl ) methyl 
group, a (n-propylphenyl)niethyl group, an 

(±sopropyl P henyl)methyl group, a (n-butylphenyl) methyl group, 
a (sec-butylphenyl)methyl group, a ( tert-butylphenyl)methyl ' 
group, a (n-pentylphenyl) methyl group, a 

(neopentylphenyi)methyl group, a (n-hexyiphenyl) methyl group, 
a (n-octylphenyi)methyl group, a ( n -de cylphenyl) methyl group, 
a ( te t radecylpnenyl ) methyl group . a napb thylmethyl group and 
an anthracenylmethyl group. 

These aralkyl groups may be substituted with a halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom 
and an iodine atom,- an alkoxy group such as a methoxy group 
and an ethoxy group,- an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyloxy group. 

The aralkyl group in the formulas [ 9 ] to [ H ] is preferably 
an aralkyl group having 7 to 20 carbon atoms , and more preferably 
a benzyl group. 

Examples, of the aryl group of X il to X 14 , r" to R 16 , r" 
to r« R .i to R 36 , tt « to R « and R« to R« m the formulas' [9] 
to [11] are a phenyl group, a 2-tolyl group, a 3-tolyl group, 
a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a 
2.5-xyiyi g rou p, a 2,6-xylyl group, a 3,4-xylyl group, a 
3,5-xylyl group, a 2 , 3 . 4-trimethylphenyl group, a 
2,3.5-trimethylphenyl group, a 2 . 3 , 6-trimethylphenyl group. 
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a 2 , 4 , 6 - trime thylphenyl group , a 3 , 4 , 5 -trim* thylphenyl group . 
a 2.3,4,5-t tramethylphenyl group, 

2 . 3 . 4 , 6 - 1 e tram thylphenyl group , a 2 , 3 , 5 , 6 - tetrame thylphenyl 
Sroup, a pentamethylphenyl group, an ethylphenyl group, a 
n-propylphenyl group, an ieopropyiphenyl group, a 
n-butylphenyl group, a sec-butylphenyl group, a 
tert-butylphenyl group, an isobutylphenyl group, a 
n -pen tylphenyl gr0 up, a neopentylphenyl group , a n-hexylphenyl 
group, a n-octylphenyl group, a n-decylphenyl group, a 
n-dodecylphenyl group, a n-tetradecylphenyl group, a naphthyl 
group and an antbracenyl group. 

These aryl groups may be substituted with a halogen atom 
such as a fluorine atom, a chlorine atom, a bromine atom and 
an iodine atom; an alkoxy group such as a methoxy group and 
an ethoxy group.- an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyloxy group. 

The aryl group in the formulas [9] to [11] is preferably 
an aryl group having 6 to 20 carbon atoms, and more preferably 
a phenyl group. 

The substituted sllyl group of X" to X 14 R 11 to R " R *i 
to »m r" to R 3 *, R« to r« ^ R Sl to ,m in the formula / [9] 
to 111] means a siiyi group subetituted w±ttl & hvarocarboa 
group, and the hydrocarbon group may be substituted with a 
balogen atom such as a fluorine atom, a chlorine atom, a bromine 
atom and an iodine atom; an alkoxy group such as a metboxy 
group and an ethoxy group; an aryloxy group such as a phenoxy 
group; or an aralxyloxy group such as benzyloxy group. Said 
hydrocarbon group is preferably an alkyl g roup having , tQ 
20 carbon atoms such as amethyl group , an ethyl group , a n-propyi 
group, an isopropyl group, a n-butyl group, a sec-butyl group. 



a tert-butyl group, an ±sobutyl group, a n -p«„tyi group , a 
n-hexyl group and a cyclohexyl group.- or an aryl group auch 
as a phenyl group. 

Said substituted siiyi group lg preferably a 
mono-substituted silyX group having 1 to 20 carbon atoms such 
as a methylsilyi group, an ethylsilyl group and a phenylsiiyi 
group, a di- substituted silyl group having 2 to 20 carbon atoms 
auch as a dimethylsilyl group, a diethylsilyl group and a 
diphenylsxlyl group, or a tri-substituted silyl group navlng 
3 to 20 carbon atoms such as a trimethylsllyl group, a 
triethylsiiyi group, a tri-n-propylsilyl group, ' a 
triisopropylsilyl group, a tri-n-butylsilyl group, a 
tri-sec^butylsilyi group, a tri-tert-butyleilyi group, a 
tri-isobutylsilyi group, a tert-butyldlmethylsilyl group, a 
tri-n-pentylsilyi group, a tri-n-hexylsilyl group, a 
tricyclohexylsilyl group and a triphenyl S ii yl group, and 
further preferably a trimethylsllyl group, 
tert-butyldimethylsilyl group or a triphenylsilyl group. 

Examples of the hydrocarbonoxy group of x 11 to X 14 r 11 
to R» t „ S « R » to R „ s „ R .. M<1 R „ to R „ ±n f o ^ ias 

19) to til) are an alkoxy group, a aralkyioxy group ana an 
aryloxy group. 

Examples of the alkoxy group of X 11 to x" R 11 to R" 

C9] to til] are a methoxy group, an ethoxy group, a n-propoxy 
group, an isopropoxy group, a n-butoxy group, a sec-butoxy 
group, a tert-butoxy group, a n-pentoxy group, a neopentoxy 
group, a n-hexoxy group, a n-octoxy group, a n-dodecoxy group, 
a n-pentadecoxy group and a n-eicosoxy group. 

These alkoxy groups may be substituted with a halogen 



68 



atom such as a- fluorine atom, a chlorine atom, a bromine atom 
and an iodine atom.- an alkoxy group such as a methoxy group 
and an ethoxy group,- an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyioxy group. 

The alkoxy group is preferably an alkoxy group having 
1 to 20 carbon atoms, and more preferably a methoxy group, 
an ethoxy group, an isopropoxy group or a tert-butoxy group. 
Examples of the aralkyloxy group of x 11 to X 14 R 11 to 
R- to R". R 31 to R", r* 1 to R« ana R« to R« in the formulas 
19] to [ii] a re a benzyioxy group, a <2-methylphenyl)methoxy 
group, a (3-methylpbenyl)methoxy group, a 

(4-methylphenyl)methoxy group, a (2 , 3-dimethylphenyl) methoxy 

group, a (2,4-dimethylphenyl)methoxy group, a 

(2, 5 -dime thy lphenyl) methoxy group, a 

(2, 6 -dime thy lphenyl) methoxy group, a 

(3,4-dimethylphenyl)methoxy group, a 

(3, 5 -dime thy lphenyl) methoxy group, a 

(2,3,4-trimethylphenyl)methoxy group, a 
( 2, 3, 5 -trime thy lphenyl) methoxy group, a 
(2,3.6-trlmethylphenyl)methoxy group, a 
(2,4,5-trlmethylpbenyl)methoxy group, a 
(2.4,6-trimethylphenyl)methoxy group, a 
(3,4,5-trimethylphenyl)methoxy group, a 
(2,3,4,5-tetramethylphenyl)methoxy group, a 
(2,3,4.6-tetramethylphenyl)methoxy group, a 
(2.3,s.6-tetramethylphenyl)methoxy group, a 
(pentamethylphenyDmethoxy group, an ( ethylphenyl ) methoxy 
group, a (n-propylphenyl)methoxy group, an 

( isopropylphenyl ) methoxy group , ( n - butylphenyl ) methoxy group , 
a (sec -butylphenyl) methoxy group, a 
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(tert-butylphenyl)m thoxy group. a (n-hexyiphenyl)methoxy 
group, a (n-octylphenyl)methoxy group, a 

(n-decylphenyl)methoxy group, a naphthylmethoxy g ro up and an 
anthr&conylmethoxy group . 

These aralkyloxy groups may be substituted with a halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom 
and an iodine atom; an alkoxy group such as a methoxy group 
and an ethoxy group; an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyioxy group. 

The aralkyloxy group is preferably an aralkyloxy gx-oup 
having 7 to 20 carbon atoms, and more preferably a benzyioxy 
group . 

Examples of the aryloxy group of X u to X" r" to R 16 
R" to R", R 3x to R34 >41 to R46 r51 ^ r56 ^ 

1 9} to [11] are a phenoxy group, a 2 -methylphenoxy group, a 
3 -methylphenoxy group, a 4 -methylphenoxy group, a 

2.3- dimethylphenoxy group, a 2 , 4 -dlmethylphenoxy group, a 
2,5-dimethyl P henoxy group, a 2 , 6 -dlmethylphenoxy group, a 

3.4- dimethylphenoxy group, a 3 , 5 -dlmethylphenoxy group, a 
2 -tert -butyl- 3 -methylphenoxy group, a 
2-tert~butyl-4-methylphenoxy group, a 
2-tert-hutyl- 5 -methylphenoxy group, a 

2-tert-butyl-6-methylphenoxy group, a 2 , 3 , 4 - trlmethylphenoxy 
group, a 2, 3, 5- trlmethylphenoxy group, a 

2 , 3 , 6-trlmethylphenoxy group , a 2 . 4 , 5- trlmethylphenoxy group, 
a 2, 4 ,6- trlmethylphenoxy group, a 
2-tert-butyl-3,4-dimethylphenoxy group, a 
2- tert -butyl-3,s-dimethyl P henoxy group, a 
2-tert-butyl-3,6~aimethylphenoxy group, a 
,6-di-tert-butyl-3-methylphenoxy group, a 
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2-tert-bi!tyl-4.5-dlmethy.iphenoxy group, a 
2.6-di-tert-butyl-4-methylphenoxy group, a 

3,4,5-trimethylphenoxy group, a 2 , 3 , 4 . 5-tetramethylphenoxy 
group, a 2-tert-butyl-3, 4 . 5-trimethylphenoxy group, a 
2,3,4,6-tetramethylphenoxy group, a 
2-tert-butyl^3.4,6-trlmethylphenoxy group, a 
2,6-dl-tert-butyl-3,4~dimethylphenoxy group, a 
2,3,5, 6-tetramethylphenoxy group, a 2- 
tert-butyl-3,5.6-trimethylphenoxy group, a 
2 , 6 - di - tert -butyl -3,5- dime thylphenoxy group , 
pentamethylphenoxy group, an e thylphenoxy group, a 
n-propylphenoxy group, an isopropylphenoxy group, a 
n-butylphenoxy group, a sec-butylphenoxy group, a 
tert-butylphenoxy group, a n-hexylphenoxy group, a 
n-octylphenoxy group, a n-decylphenoxy group, a 
n-tetradecylphenoxy group, a naphtboxy group and an 
a_nthracenoxy group . 

These aryloxy groups may be substituted with a halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom 
and an iodine atom,- an alkoxy group such as a methoxy group 
and en ethoxy group; an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyloxy group. 

The aryloxy group is preferably an aryloxy group having 
6 to 20 carbon atoms. 

The dl- substituted amino group of X 11 to X 14 , R 11 to R 16 

R" to R". R» tQ r36 , r o to R46 ^ R „ ^ R5fi ^ formui ^ 

[9] to til] means an amino group substituted with two hydrocarbon 
groups or sllyi groups, and the Hydrocarbon group and the silyl 
gx-oup may be substituted with a halogen atom such as a fluorine 
atom, a chlorine atom, a bromine atom and an iodine atom; an 



alkoxy group Such as a methoxy group and an ethoxy group; an 
aryloxy group such as a phenoxy group; or an aralkyi OX y group 
such as a benzyloxy group. Examples of the hydrocarbon group 
are an alkyl group having 1 to 20 carbon atoms such as a methyl 
group, an ethyl group, a n-propyl group, an Isopropyi grou p, 
a n-butyl group, a sec-butyl group, a tert-butyl group, an 
isobutyl group, a n-pentyl group, a n-hexyl group and a 
cyclohexyl group,- an aryl group having 6 to 20 carbon atoms 
such as a phenyl group; an aralkyl group having 7 to 10 carbon 
atoms such as a benzyl group. Examples of the silyi gr0 up are 
a trimethylsilyi group and a tert-butyldimethylsilyl group. 
Examples of said di- substituted amino group are a dimethylamino 
group, a diethylamino group, a di-n -propylamine group, a 
dlisopropylamino group, a di-n-butylamino group, a 
di-sec-butylamino group, a di-tert-butylamino group, a 
dl-isobutylamino group, a tert-butylisopropylamino group, a 
di-n-hexylamino group, a dl-n^octyl amino group, a 
diphenyiamino group, a bistrimethylsilyiamino group and a 
bis-tert-butyldimethylsilyiaonino group, and preferred is a 
diethylamino group, an diethylamino group, a diisopropylamino 
group . a di- tert-butylamino group or a bi s - trime thylsiiyiamino 



group 



Examples of the hydrocarbon thio group of x 11 to X 14 R 11 
to R-. R » to R", R 31 to R-, R 41 to R* 6 and R" to r" in the formulas 
[9J to [11] are an alkylthio group, an aralkylthlo grouo and 
aryl thio group. 

Examples of the alkylthio group of X 11 to X" r" to r" 
*" to r 31 to r". r« to R <« and R5l tQ R56 ±n ^ fQrmui& ' 3 

[9] to [lij are a methylthio group, an ethyl thio group, a 
n-propylthlo group, an isopropyi thio group, an- butyl thio group. 
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a sec-butylthio group, a t art- butyl thio group, a n~pentylthio 
group, a n opentylthio group, a n-hexylthlo group, a 
n-octylthio group, a n-dodacylthio group, a n-p ntadecylthio 
group and a n-eicosylthlo group. 

These alkylthio groups may be substituted with a halogen 
at ° m SUCh as a fluo -in« *ton,, a chlorine atom, a bromine atom 
and an iodine atom,- an alkoxy group such as a methoxy group 
and an ethoxy group, an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyloxy group. 

The alkylthio group is preferably an alkylthio group 
having 1 to 20 carbon atoms, and more preferably a methyithio 
group, an ethyl thio group, an isopropylthio group or a 
tert-butylthio group. 

Examples of the aralkylthio group of x" to x" r" to 
to »« R 31 to R", R 4J to R« and R« to R 56 i n the formulas 
[9] to [11] are a benzylthlo group, a 
(2 -me thy iphenyl) methyithio group, a 
C 3 -methyiphenyl) methyithio group, a 
(4 -me thylphenyl) methyl thio group, a 
(2, 3- dime thylphenyl) methyithio group, a 
(2, 4 -dime thylphenyl) methyithio group, a 
(2,5-dimethylphenyl)methylthio group, a 
(2, 6 -dimethy iphenyl) methyl thio group, a 
(3,4-dimethylpnenyl)methylthio group, a 
(3,5-dimethylphenyl)methylthio group, a 
(2,3,4-timethylphenyl)methylthio group, a 
(2, 3, 5 -time thylphenyl) methyithio group, a 
(2,3,6-timethylpnenyl)methylthio group, a 
(2, 4, 5 -time thylphenyl) methyl thio group, a 
( 2, 4. 6 -timethy Iphenyl) methyl thio group, a 
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(3,4,5-tlmethylphenyl)methylthlo group, a 
< 2 '3,4,5-tetramethylphenyl)inethyithio group, a 
(2'3,4,6-tetramethylphenyi)inethylthio group, a 
(2.3,5,6 - t etramethylphenyl ) methyl thio group , a 
(pentamethylphenyl)methyXth±o group, an 

(ethylphenyl> m ethyithio group, a Cn-propylphenyDmethylthio 
group, an ( isopropylphenyl)methylthio group, a 
(n-butylphenyl)aiethyathlo group, a 
(eec-butylphenyl)methylthio group, a 
(tert-butylphenyl)methylthio group, a 

(n-hexylphenyljmethylthio group, a (n-octylphenyl)inethylthio 
group, a <n~decylphenyl) methyl thio group, a 
naphthylmethylthio group and an anthracenyimethylthlo group. 

These aralkylthio groups may be substituted with a 
halogen atom such as a fluorine atom, a chlorine atom, a bromine 
atom and an iodine atom.- an alkoxy group such as a methoxy 
group and an ethoxy group; an aryloxy group such as a phenoxy 
group; or an aralkyloxy group such as a bensyloxy group. 

The aralkylthio group is preferably an aralkylthio group 
having 7 to 20 carbon atoms, and more preferably a benzyl thio 
group . 

Examples of the arylthio group of X 11 to X 14 , r 11 to R 16 
R" to «« ■» t0 R 3*, r « to R46 and RS1 to r56 ^ ^ formuiae 

m to [11 J are a phenylthio group, a 2-methy P h«nyithio group, 
a 3-methyiphenylthio group, a 4-methylphenylthio group, a 
2,3-dlmethyl P henylthio group, a 2 , 4-dlmethylphenylthio group, 
a 2,5-dimethylphenyithio group, a 2,6-dimethylphenylthio 
group, a 3.4-dimethylphenylthlo group, a 
3,5-dimethylphenylthlo group, a 
2-tert-butyl-3-methylphenylthio group, a 



2-tert-butyl-4-inethylpheoylthio group, a 
2-tert-butyl-5-methylphenylthio group, a 
2-tert-butyl-6-methylphenylthio group, a 

2.3.4- trime thyiphenyl thio group , a 2 , 3 . 5 - trlmethylpheaylthio 
group, a 2.3,6-trimethylphenylthio group, a 

2. 4.5- trimethylphenylthio group, a 2, 4 . 6-trimethylphenylthio 
group, a 2~tert-butyl-3,4-dlmethylphenyithio group, a 
2-tert-butyl-3,5-dimethylphenylthio group, a 
2-tert-butyl-3,6-dimethylphenylthio group, a 
2,6-di-tert-butyi-3-methylphenylthio group, a 
2-tert-butyl-4,5-dimethylph en ylthlo group, a 
2,6-di-tert-butyl-4-methylph©nylthio group, a 
3,4,5-trlmethyXphenylthio group, a 

2.3.4.5- tetramethylphenylthio group, a 

2.3.4.6- tetramethylphenylthio group, a 
2-tert-butyl-3.4.6-trimethylphenylthio group, a 

2,6-di-tert-butyl-3.4-dimathylphenylth±o group, a 
2,3,5,6-tetramethylphenylthio group, a 

2-tert-butyl-3,5,6-trimethylplienylthio group, a 
2,6^di-tert-butyl-3,5-d±methylphenulthlo group, a 
pentamethylphenyithio group, an ethylphenylthio group, a 
n-propylphenylthio group, an isopropylphenyithio group, a 
n-butyl P henyltnio group, a sec-butyiphenylthio group, a 
tert-butylphenylthio group, a n-pentylphenylthio group, a 
naopentylphenyltbxo group, a n-hexylphenylthio group, a 
n-octylphenylthio group, a n-decylphenylthio group, a 
n-tetradecylphenyithio group, a naphtbylthio group and an 
antbracenylthio group. 

These arylthio groups may be substituted with a halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom 



and an Iodine., atom; an alkoxy group such as a m thoxy group 
and anethoxy group; an aryloxy group such as a phenoxy group ; 
or an aralkyloxy group such as a benzyioxy group. 

The aryl thio group is preferably an arylthlo group having 
6 to 20 carbon atoms. 

Examples of the hydrocarbon seleno group of X 11 to X 14 , 
R" to R", R« to R", R 31 to R« R« to R« and R« to r" in the 
formula [9] to [11] are an alkylseleno group, an aralkyi s *i eno 
grouo and aryiseleno group. 

Examples of the alkylseleno group of X 11 to x 14 , R 11 to 
R 21 to R«. „» to R 36 , R* x to r« and R Sl to R" in the formulas 
[9] to [ii] are a methylseleno group, an ethylseleno group, 
a n-propylseleno group, an isopropylseleno group, a 
n-butylseleno group, a sec-butylseleno group, a 
tert-butylseleno group, a n-pentylseleno group, a 
neopentylseleno group, a n-hexylseleno group, a n-octylseleno 
group, a n-dodecylseleno group, a n-pentadecylseleno group 
and a n-eicosylseleno group. 

These alkylseleno groups may be substituted with a 
halogen atom such as a fluorine atom, a chlorine atom, a bromine 
atom and an iodine atom; an alkoxy group such as a methoxy 
group and an ethoxy gr0 up; an aryloxy group such as a phenoxy 
group.- or an aralkyloxy group such as a benzyioxy group. 

The alkylseleno group is preferably an alkylseleno group 
having 1 to 20 carbon atoms , and more preferably a methylseleno 
group, an ethylseleno group, an isopropylseleno group or a 
tert-hutylseleno group. 

Examples of the aralkylseleno group of X 11 to X 14 R 11 
toR» R 21 to R 26 , R 31 to R 36 , R- to R" and R- to R" in the formulas 
[91 to [ii] are a benzylseleno group, a 
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( 2-methyj.phenyl ) methyl seleno 
( 3 -methylphenyl )methyiseleno 
(4 -methylphenyl )methylsel no 
( 2 , 3 -dime thy lphenyl )me thylseleno 
( 2 , 4 -dime thy lphenyl )methylseleno 
(2 , 5-dlmethylpiienyl)methylseleno 
( 2 , 6-dime thy lphenyl )methylseleno 
(3,4 -dlmethylphenyl ) me thylseleno 
( 3 , 5 -dlmethylphenyl) me thy Is eleno 
(2,3 , 4-tlme thy lphenyl )methyieeleno 
(2,3, 5 -tlmethylphenyl )methylseleno 
(2,3 . 6 -tlmethylphenyl )methylseleno 
( 2 , 4 , 5 - 1 ime thylphenyl ) me thyl s eleno 
(2,4, 6 -tlmethylphenyl ) me thylseleno 
(3,4. 5 -tlmethylphenyl )methylseleno 
(2,3,4, 5- tetramethyiphenyl )methylseleno 
(2,3,4, 6 - tetramethyiphenyl )methylseleno 
(2,3,5,6- tetramethyiphenyl )methylseleno 
(pentamethy lphenyl )me thylseleno 
( e thy lphenyl ) me thylseleno 
( n -propyiphenyl ) me thylseleno 
(lsopropyiphenyl)me thylseleno 
(n-butylphenyl)methylseleno 
( sec-butylphenyl)methylseleno 

(tert-butylphenyl)methylseleno 
( n -hexyiphenyl ) methylseleno 

( n-octylphenyl ) metnyiseleno 

(n-decyi P henyl)methylseleno group and a naphthylmethylseleno 
group „ 

These aralkylseleno groups may b substituted with a 
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halogen <*om such as a f luorine atom, a chlorine atom, a bromin 
atom ana an iodine atom; an alkoxy group such as a methoxy 
group ana an ethoxy group: an aryloxy group such as ^ 
group; or an aralkyloxy group such as a benzyloxy group. 

The aralJcylseleno group is pref erably an aralkylseleno 
group having 7 to 20 carbon atoms, and more preferably a 
benzylseleno group. 

Examples of the arylseleno group of x 11 to x 14 R 11 to 
R- to ,» to R36 , R <> to R « ^ rB1 to r56 ^ ^ 

191 to til] are a phenylseleno group, a 2 -methylphenylseleno 
group, a 3-methylphenylseleno group, a 4 -methylphenylseleno 
group. a 2,3-dimethylphenylseleno group. a 

2.4-dimethylphenylseleno group, a 2,5-dlmethylphenylseleno 
group. a 2 , 6 -dime thylphenyiseleno group, a 

3.4-dimethylpnenylseleno group, a 3 , 5-dimethyiphenylseleno 
group. a 2-tert-butyl-3-methylphenylseleno group. 
2 - tert -butyl - 4 -methylphenylseleno group , 

2 - tert - butyl- 5 -methylphenylseleno group , 

2 - tert -butyl - 6 -methylphenylseleno group § 

2.3.4- trime thylphenyiseleno group 

2.3.5- trime thylphenyiseleno group 

2.3.6- trime thylphenyiseleno group 

2.4.5- trimethylphenyiseleno group 

2.4.6- trimethylphenyiseleno group , 
2-tert-butyl-3 , 4 -dime thylphenyiseleno gr0 up. 
2-tert-butyi-3,5-dimethylphenylseleno 
2 - tert -butyl -3.6- dime thylphenyiseleno 
2 , 6 -di- t ert - butyl - 3 -methylphenylseleno 
2 - tert -butyl -4,5- dimethylphenylseleno 
2 ,6 -di- tert -butyl -4 -me thylphenyiseleno 
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3.4,5- trjme thylphenyiselerio group , 

2.3.4.5- tetramethylphenylseleno group . 

2. 3. 4. 6 - tetramethylphenylsel no group, 
2-tert-butyl-3, 4 ,6-trlniethylphenylseleno group, 
2 , 6-di- tert-butyl-3 , 4-dimethyiphenylseleno group , 
2,3,5.6-tetramethylphenylseleno group, 
2 - text -butyl -3,5,6- trlme t hylphenyiseleno group . { 
2 , 6-di-tert-butyl-3 , 5-dimethylphenulseleno group, a 
pentamethylphenyiseleno group, an ethylphenylseleno group, 
a n-propylphenyl se ieno group, an isopropylphenylseleno group, 
a n-butylphenylseleno group, a sec-butylphenylseleno group, 
a tert-butylphenylseleno group, a n-pentylphenylseleno group, 
a neopentylphenylseleno group, a n-hexylphenyiseleno group, 
a n-octylphenyiseleno group, a n-decylphenylseleno group, a 
n-tetradecylphenylseleno group, a naphthylseleno group a „d 
an anthracenylseleno group. 

These arylseleno groups may be substituted with a halogen 
atom such as a fluorine atom, a chlorine atom, a bromine atom 
and an iodine atom; an alkoxy group such as a methoxy group 
and an ethoxy group; an aryloxy group such as a phenoxy group; 
or an aralkyloxy group such as a benzyloxy group. 

The arylseleno group is preferably an arylseleno group 
having 6 to 20 carbon atoms. 

in the formulas [9] to [11], x" to x» are preferably 
independently a halogen atom, an alkyl group, an aralkyl group, 
an alkoxy group, an aryloxy group or a di-substituted amino 
group, and more preferably independently a halogen atom, an 
alkyl group, an alkoxy group or an aryloxy group. 

in the formulas [9] to [11]. r" to r", r*i to R 24 R ^ 
to R«. R« to R 44 and R" to R 54 are preferably independently 



a hydrogen .to-, a halogen atom, a „ alkyl group, an aralkyl 
group, an aryl group, a substituted sllyi group, an alkoxy 
group ,^an aralkyloxy group or an aryloxy gr0 up . ana particularly, 
R". R 21 , R 31 . R«* and R S1 are preferably independently an alkyl 
group, an aralkyl group, an aryl group or a substituted sii yl 
group . 

In the formulas [9] to [11] . r 1 *, r", r « # R z* ^ r35 r3 «^ 
R 45 , R«, R» and R" are preferably independently a hydrogen 
atom, an alkyl group, an aralkyl group, an aryl group. a 
substituted silyl group, an alkoxy group, an aralkyloxy group 
or an aryloxy group. 

Examples of X» to X 1 ' in the formulas UO] and £11] are 
an oxygen atom, a sulfur atom and a selenium atom, and preferred 
is an oxygen atom or a sulfur atom, and more preferred is an 
oxygen atom. 

Examples of A 1 to A 5 in the formulas [9] to [11] are an 
oxygen atom, a sulfur atom and a selenium atom, and preferred 
is an oxygen atom. 

Examples of J 1 to J s in the formulas [9] to are a 

carbon atom, a silicon atom and a germanium atom, and preferred 
is a carbon atom or a silicon atom. 

Examples of the metal compound represented by the formula 
[9] are methylene ( v 5 -eyclopentadienyl) 

(3.5-dimethyl-2-phenoxy)titanium dichlorlde (hereinafter. 
" W is sometimes omitted}, 

methylene ( cyclopentadienyl ) ( 3-tert-butyl-2-phenoxy) 
titanium dlchloride, 

methylene ( cyclopentadienyl ) ( 3 - t er t - bu tyl - 5 -methyl - 2 - 
phenoxy ) titanium dichlorlde , 

methyiene(cyclopentadienyl)(3-phenyl-2^phenoxy) 
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titanium dichloride, ' 

methylene ( cyclopent adienyl ) ( 3 - t ert - but yldimet hylsilyl , 5 
methyl- 2 -ph noxy) titanium dichloride, 

methylene (cyclopent adienyl ) ( 3 - trimethyieiiyi- 5 -methyl - 2 
phenoxy) titanium dichloride, 

methylene ( cyclopent adienyl ) ( 3 - tert -butyl - 5 -methoxy- 2 - 
phenoxy) titanium dichloride, 

methylene(cyclopentadienyl)( 3 -tert-butyl-5-chloz-o-2- 
phenoxy ) titanium dichloride , 

methylene ( t e tramethylcyclopent adienyl ) ( 3 , 5 - dimethyl - 2 - 
phenoxy) titanium dichloride, 

methylenes te tramethylcyclopentadlenyl ) ( 3 - tert -butyl- 2 - 
phenoxy ) titanium dichloride , 

methylene ( tetramethylcyclopentadienyl ) ( 3 - tert -butyl- 5 - 
methyl- 2 -phenoxy ) titanium dichloride , 
methylene ( tetramethylcyclopentadienyl ) ( 3 -phenyl- 2 - 
phenoxy) titanium dichloride, 

methylene ( tetramethylcyclopent adienyl )( 3 - tert -butyl 
dlmethyl g ilyi_5-methyl-2-phenoxy}tltanium dichloride, 
methylene (tetramethylcyclopentadienyl ) 

(3-trlmethylsiiyi.5-methyl-2-phenoxy)titanlum dichloride, 
methylene ( tetramethylcyclopentadienyl ) 

(3-tert-butyl-5-methoxy-2- P henoxy)titanlum dichloride, 
methylene ( tetramethylcyclopentadienyl ) 

(3-tert-butyl-5-chloro-2-phenoxy)tltanlum dichloride, 

iso P ropylidene(cyclopentadlenyl)(3, 5 -dimethyl-2- P henoxy) 
titanium dichloride, 

isopropyiidene ( cyclopent adienyl ){ 3 - tert - butyl - 2 - phenoxy ) 
titanium dichloride, 

±sopro P ylidene( cyclopent adienyl) ( 3- te r t-butyl- 5 -methyl-2- 
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phenoxy«)titahium dichlorlde. 

laopropylidene ( cyclopentadienyl ) ( 3 -pnenyi- 2 -phenoxy ) 
titanium dichlorlde, 

lsopropylidene ( cyclopentadlenyl ) ( 3 - tert -butyldime thyl 
silyl- 5 -methyl -2 -phenoxy) titanium dichlorlde, 
is opr opylidene ( cyclopentadlenyl ) ( 3 - 1 r imethylsilyl - 5 - 
methyl- 2 -phenoxy) titanium dichlorlde , 

iBopropylidene ( cyclopentadlenyl) { 3 - tert -butyl- 5-methoxy- 2 
-phenoxy ) titanium dichlorlde, 

isopropylidene(cyclopentadienyl)(3-tert-butyl-5-chloro-2- 
phenoxy) titanium dichlorlde, 

lsopropylidene ( tetramethylcyclopentadienyl ) ( 3 , 5 -dime thyl- 
2 -phenoxy) titanium dichlorlde, 

lsopropylidene ( tetramethylcyclopentadienyl) ( 3-tert -butyl - 
2 -phenoxy) titanium dichlorlde, 

lsopropylideneCtetramethylcyclopentadienyDO-tert-butyl- 
5 -methyl -2 -phenoxy) titanium dichlorlde, 

lsopropylidene ( tetramethylcyclopentadienyl ) ( 3 -phenyl - 2 - 
phenoxy) titanium dichlorlde, 

lsopropylidene (tetramethylcyclopentadienyl) (3- tert- 
butyldimethylsilyi- 5 -methyl-2-phenoxy)titanium dichlorlde, 
lsopropylidene ( tetramethylcyclopentadienyl ) 
(3-trimethyl e ilyl. 5 _ mathyl _ a , phenoxy)titanluni dlchl0ride/ 

lsopropylidene (tetramethylcyclopentadienyl )( 3 - tert - butyl - 
5 -methoxy- 2 -phenoxy ) titanium dichlorlde . 

isopropylidene(tetramethylcyclopentadlenyl)(3-tert-butyl- 
5-chloro- 2-phenoxy) titanium dichlorlde , 

diphenyimethylene( cyclopentadlenyl) (3, 5-dimethyl~2- 
phenoxy) titanium dichlorlde, 

diph nylmethylene (cyclopentadlenyl) (3- tert -butyl- 2- 
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phenoxy) titanium bichloride, 

diphenylmethylene ( cyclopen tadienyl ) ( 3 - t er t - butyl - 5 -methyl 
-2 -phenoxy) titanium dichloride . 

diphenylmethylene ( cyclopentadienyl ) ( 3 -phenyl -2 -phenoxy ) 
titanium dichloride, 

diphenylmethylene ( cyclopentadienyl ) ( 3 - tert -butyldimethyl 
silyl-5-methyl-2-phenoxy) titanium dichloride, 
diphenylmethylene ( cyclopentadienyl ) ( 3 - trlmethylsiiyi- 5 - 
methyl - 2 -phenoxy ) titanium dichloride , 
diphenylmethylene ( cyclopentadienyl ) ( 3 - t ert - bu t yl - 5 - 
methoxy- 2 -phenoxy ) titanium dichloride , 
diphenylmethylene ( cyclopentadienyl ) ( 3 - tert -butyl- 5 - 
chloro- 2 -phenoxy ) titanium dichloride , 
diphenylmethylene ( tetramethylcyclopen tadienyl ) < 3 , 5 - 
dimethyl-2-phenoxy) titanium dichloride, 
diphenylmethylene ( tetramethylcyclopen tadienyl ) < 3 - 1 ert - 
butyl-2-pbenoxy) titanium dichloride , 

diphenylmethylene ( t etrame thylcyclopentadienyl ) ( 3 - tert - 
butyl- 5-methyl-2-phenoxy) titanium dichloride, 

diphenyimethylene(tetxamethylcyclopentadienyl)( 3 -phenyl^2 
-phenoxy) titanium dichloride, 

diphenylmethylene ( tetramethylcyclopen tadienyl ) ( 3 - t ert - 
butyldlmethylsllyl-5-methyl-2-phenoxy)titanlum dichloride, 
diphenylmethylene ( tetramethylcyclopen tadienyl ) ( 3 - 
trimethylsilyl-5-methyl-2- P henoxy) titanium dichloride, 

diphenylmethyiene(tetramethylcyclopentadienyl)( 3 -tert- 
butyl-s-methoxy-2-phenoxy) titanium dichloride, 

diphenylmethyiene(tetrainethylcyclopentadienyl)(3-tert- 
butyl- 5 -chloro-2-phenoxy)tltanlum dichloride, and compounds 
in which (77 '-cyclopentadienyl) m the above-mentioned 



83 



compounds is replaced with ( 77 5 -methylcyclopentadienyl) , 

( 77 s -dimethylcyclopentadienyl) . 

( V s -trimethylcyclopentadienyl) , 

( 7J 5 -n-butylcyclopentadienyl) , 

( V 5 -tert-butylcyclopentadienyl) , 

( V 5 -trlmethylsilylcyclopentadienyl) , 

( V 5 -tert-butyldimethylsiiyicyclopentadienyl) , 

( 77 s -indenyl) , ( 77 5 -phenylindenyl) or ( 77 5 -£luorenyl) . Further, 

there can he exemplified compounds in which "dichloride" in 

the above-mentioned compounds is replaced with "dimethyl". 

"dibenzyl", "dimethoxide" , " dlphenoxide " , 

-bls(dimethylamino)" or "bis(diethylamino) " . Still further, 
there can be exemplified compounds In which "titanium" in the 
above-mentioned compounds is replaced with "zirconium" or 
"hafnium". 

Moreover, examples of the metal compound represented 
by the formula [9] are dimethylsllylene ( 77 s -cyclopentadienyl) 
( 2 -phenoxy) titanium dichloride, dimethylsllylene ( 77 
5 -cyclopentadienyl)( 3 -methyl-2- phenoxy) titanium dichloride, 
dimethylsllylene ( 77 s -cyclopentadienyl) 
(3 . 5-dlmethyl-2 -phenoxy) titanium dichloride, 
dimethylsllylene ( 77 s -cyclopentadlenyl) 
( 3 - tert -butyl - 2 -phenoxy ) titanium dichloride , 
dimethyls ilylene( 77 s -cyclopentadienyl) 
( 3 -tert -butyl- 5 -methyl- 2 -phenoxy ) titanium dichloride , 
dimethylsllylene ( 77 5 -cyclopentadienyl) 
( 3 . 5 -di- tert -butyl- 2-phenoxy) titanium dichloride , 
dimethylsllylene ( 77 5 -cyclopentadienyl) 
( 5 -methyl - 3 - phenyl - 2-phenoxy ) titanium dichloride , 
dim thylsilyiene( 77 5 -eyclopentadienyl) 
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(3-tert-butyldim thylsilyl- 5 -methyl-2-phenoxy) titanium 
dichloride , dimethylsilylene ( v s - cyclopentadienyl ) 
( 5-methyl-3- trimethylsilyl-2-phenoxy ) titanium dichloride , 
dimethylsilylene ( 77 s - cyclopentadienyl) 

(3- tert -butyl-5-methoxy- 2 -phenoxy) titanium dichloride, 

dimethylsilylene ( 7} s - cyclopentadienyl) 

( 3 - tert -butyl- 5-chloro - 2 -phenoxy ) titanium dichloride . 

dimethylsilylene ( 7) 5 -cyclopentadienyl) 

( 3 , 5 -diamyl - 2 -phenoxy) titanium dichloride , 

dimethylsilylene ( 77 s - cyclopentadienyl) 

( 1 -naphtoxy- 2 -yl ) titanium dichloride . 

dimethylsilylene ( 7? 5 -tetramethylcyclopentadienyl) 

( 2 -phenoxy ) titanium dichloride , dimethylsilylene ( n 

5 -tetramethylcyclopentadienyl)(3-methyl-2-phenoxy) titanium 
dichloride, dimethylsilylene ( 77 

s -tetramethylcyclopentadienyl) (3 , 5-dlmethyl- 2 -phenoxy) 

titanium dichloride, dimethylsilylene ( 77 

5 - t e t r ame t hy Icyclopen t adienyl ) ( 3 - t er t - bu t yl - 2 - phenoxy ) 

titanium dichloride, dimethylsilylene ( 77 

s -tetramethyicyclopentadienyl) ( 3-tert-butyl-5-methyl-2- 
phenoxy) titanium dichloride, dimethylsilylene ( 77 
5 -tetramethylcyclopentadienyl) (3 , 5 -di- tert -butyl- 2- 
phenoxy) titanium dichloride, dimethylsilylene ( 7? 
s -tetramethylcyclopentadlenyl)(5-methyl-3-phenyl-2- 
phenoxy) titanium dichloride, dimethylsilylene ( 77 
s -tetramethyicyclopentadlenyl) ( 3- tert -butyldimethylsilyl-5 
-methyl~ 2 -phenoxy)titanium dichloride, dimethylsilylene ( 77 

s -tetramethylcyclopentadienyl)( 5 -methyl-3-trimethylsilyl-2 

-phenoxy) titanium dichloride. dimethylsilylene ( 77 

5 - t e trame thyloy clopent adienyl ) ( 3 - tert - butyl - 5 -me thoxy- 2 - 
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phenoxy)t Itanium dichloride. dimethylsilylene( 77 
5 -tetramethylcyclop ntadienyl) (3-tert-butyl-5-chloro-2~ 
phenoxy) titanium dichloride, dimethylsiiyi e ne< tj 

5 -tetramethylcyclopentadienyl) {3. 5-diamyl-2-phenoxy) 
titanium dichloride, and dimethylsilylene( 7? 

5 - tetramethylcyclopentadienyl) ( l-naphtoxy-2 -yl ) titanium 
dichloride; and compounds in which ( V s -cyclopentadienyl) in 
the above-mentioned compounds is peplaced with ( 77 
s -methylcyclopentadienyl) , ( 77 5 -dimethylcyolopentadienyl) , 
( 77 s -trimethylcyclopentadienyl) , 
( 77 5 -n-butylcyclopentadienyl) , 
( 77 5 -tert-butylcyclopentadienyl) , 
( 77 5 -trimethylsilylcyclopentadienyi) , 
( 77 5 - tert-butyldimethylsilyicyclopentadienyl ) , 
( 7? 5 -indenyl) ( 77 5 -phenylindenyl) or ( 77 5 -f luorenyl) . Further, 
there can be exemplified compounds in which - ( 2-phenoxy) - in 
the above-mentioned compounds is replaced with with 
"3-phenyl-2-phenoxy", "3-trimethylsilyl-2-phenoxy" or 
"3-tert-butyldlmethylsilyl-2-phenoxy"; and compounds In 
which -dimethylsiiyi^e- in the above-mentioned compounds is 
replaced with "diethysiiyiene" , "diphehylsiiyiene" or 
"dimethoxysilyiene". Still further, there can be exemplified 
compounds in which -dichloride" in the above-mentioned 
compounds is replaced with "dimethyl", "dibenzyl", 
"dimethoxide", "diphenoxide" , "bis(dlmethylamino) « or 
-bis(diethylemino)-. Furthermore, there can be exemplified 
compounds in which -titanium" in the above-mentioned compounds 
is replaced with "zirconium" or "hafnium". 

Moreover, examples of the metal compounds represented 



by t* 1 © formula [10] 



(J. 
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-oxobisflsopr'opylid ne( cyclopentadienyl) 

(2 -phenoxy) titanium chloride}, u 

-oxobis{isopropylidene(cyclopentadienyl)(2-phenoxy) 
titanium methoxide}. n -oxobis {isopropylldene 

( cyclopentadienyl ) ( 3 - tert -butyl- 5 -methyl - 2 -phenoxy ) 
titanium chloride}, fi -oxobisUsopropylidene 

( cyclopentadienyl ) ( 3 - tert -butyl-5 -me thyl-2 -phenoxy ) 

titanium methoxide}, u -oxobis{ isopropylldene 

(methylcyclopentadienyi)(2-phenoxy) titanium chloride}, u 
- oxobis { isopropylldene ( me thylcyclopent adienyl ) 

(2 -phenoxy) titanium methoxide}, M 

- oxobis { isopropylldene (methyicyclopent adienyl) 
(3-tert-butyl- 5 -methyl-2-phenoxy)titanium chloride}, n 
-oxobis {isopropylldene (me thylcyclopent adienyl ) ( 3 - t ert - 
butyl-5-methyl-2-phenoxy) titanium methoxide}, u 

-°xobis{isopropyiidene( tetramethylcyclopentadienyl) 

(2 -phenoxy) titanium chloride}, u 

-oxobis £ isopropylldene (tetramethylcyclopentadienyl ) 

(2 -phenoxy) titanium methoxide}, u 

-oxobis { isopropylldene ( tetramethylcyclopentadienyl ) 

( 3 -tert-butyl-5-methyl- 2 -phenoxy) titanium chloride}. fi 

-oxobis{ isopropylldene ( tetramethylcyclopentadienyl ) 

(3-tert-butyl-5-methyl-2-phenoxy)titanium methoxide}; and 

compounds in which ( n 5 - cyclopentadienyl) in the 

above-mentioned compouns is replaced with 

( n 5 -dlmethylcyclopentadienyl) , 

( V s -trimethylcyclopentadienyl) , 

( V s -n-butylcyclopentadienyl) , 

( V 5 -tert-butylcyclopentadienyl) , 

( ^ 5 -trimethylsilylcyclopentadienyl) , 
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( 77 5 -tert-butyldimethylsilylcyclopentadienyl) , 
( V s -indenyl) , ( tj s -methylindenyl) or ( r> 5 -f luorenyl) . Furth r, 
there can be exemplified compounds in which (2-ph noxy) in 
the above-mentioned compounds is replaced with with 
(3-methyl-2-phenoxy) . { 3 , 5- dimethyl- 2 -phenoxy) , 

<3,5-di-tert-butyl-2-phenoxy) , 

(3-phenyl-5-methyl--2-phenoxy) or 
(3-trlmethylsilyl-5-methyl-2-phenoxy). Still further, there 
can be exemplified compounds in which "chloride" in the 
above-mentioned compounds is replaced with "methyl" , -benzyl- , 
"phenoxide", "dimethylamino" or "diethylamino" . Furthermore, 
there can be exemplified compounds in which "titanium" In the 
above-mentioned compounds is replaced with "zirconium" or 
"hafnium" . 

Moreover, examples of the metal compounds represented 
by tne formula [li] are di- u 

-oxobis C isopropylidene ( cyclopentadienyl ) 
( 2 -phenoxy) titanium] , ai _ 
-oxobis [ isopropylidene ( cyclopentadienyl ) ( 3 - t ert -butyl - 5 - 
methyl-2-phenoxy)titaniumJ , 

-oxobis[lsopropylldene(methylcyclopentadienyl)(2-phenoxy) 
titanium] , di _ 

-oxobis[isopropylidene(methylcyclopentadienyl)(3-tert- 
hutyl- 5 -methyl -2 -phenoxy) titanium], d l- u 

- oxobis [ isopropylidene 

(tetramethylcyclopentadienyl) (2-phenoxy) titanium] ,di- p. 
- oxobi s I isopropylidene 

( tetramethylcyclopentadienyl) ( 3-tert-butyl-5-me thyl-2- 
phenoxy) titanium], di- u , -oxobis 

Cdimethylsilylene( cyclopentadienyl) ( 2 -phenoxy ) titanium] . 
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di ~ " u ^oxobisfdimethylsilyi ne(cyclopentadienyl) 

( 3- tert-butyl-5~methyl-2-phenoxy) titanium], Q i- fi 

-oxobis [ dimethylsllylene ( methylcyclopentadienyl ) 
( 2-phenoxy) titanium] , di _ 

-oxobis [dimethylsilylene(methylcycXopentadienyi)( 3- text- 
butyl -5 -methyl -2 -phenoxy) tit aniTim] , di- n 

-°*obis[ dimethylsllylene (tetramethylcyclopentadienyl) 

( 2-phenoxy) titanium] , di _ ^ 

-oxobig [ dimethyls iiyiene ( tetramethylcyclopentadienyl) 

(3-tert-butyl-5-methyi-2-phenoxy)titanium] , and compounds in 

which ( 73 s -cyclopentadienyl) in the above-mentioned compouns 

is replaced with ( tj 5 -dimethylcyclopentadienyl) , 

( n 5 -trlmethylcyclopentadienyl) , 

{ 7? 5 -n-butylcyclopentadlenyl) , 

( V 5 -tert-butylcyclopentadlenyl) , 

( V 5 -trimethylsilylcyclopentadlenyl) , 

( rt s -tert-butyldimethylsilylcyclopentadienyi) , 

( 77 5 -indenyl) , ( n 5 -methylindenyl) or ( 7? s -f luorenyl) . Further. 

there can be exemplified compounds in which (2-phenoxy) ±n 

the above-mentioned compounds is replaced with with 

(3-methyl-2-phenoxy) , (3 ,5-dimethyl- 2-phenoxy) , 

(3,5-di-tert-butyl-2-phenoxy) , 

(3-phenyl-5-methyl~2-phenoxy) or 
(3-trlmethylsilyl-5-methyl-2-pHenoxy). Still further, there 
can be exemplified compounds in which "titanium" in the 
above-mentioned compounds is replaced with "zirconium" or 
"hafnium" . 

As the organoaluminum compound (C) used for the catlyst 
for addition polymerization according to the present invention , 
known organoaluminum compounds can be used. Preferred is an 
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organoaluminum compound represented by the following formula 
[12]: 



R 5 dAlY 3 . d [12 J, 

wherein d is a number satisfying 0< d ^ 3; R 5 is a hydrocarbon 
group, and when two or more R s groups exist, these may be the 
same or different; Y is a hydrogen atom, a halogen atom or an 
hydroearbonoxy group, and when two or more Y's exist, they 
may be the same or different. 

R 5 in the formula [ 12 J is preferably a hydrocarbon group 
having 1 to 24 carbon atoms, and more preferably an alkyl group 
having l to 24 carbon atoms. Examples thereof are a methyl 
group, an ethyl group, a n-propyl group, a n-butyl group, an 
isobutyl group, a n-hexyl group, a 2 -methylhexyl group and 
a n-octyl group. More preferred is an ethyl group, a n-butyl 
group, an isobutyl group or a n-hexyl group. 

Examples of the halogen arom as Y in the formula [12] 

are a fluorine atom, a chlorine atom, a bromine atom and an 

iodine atom, and preferred is a chlorine atom. 

The hydroearbonoxy group as Y in the formula [12] le 

preferably an alkoxy group, an aralkyloxy group or an aryloxy 

group . 

Examples of the alkoxy group as Y in the formula [12] 
are a methoxy group, an ethoxy group, a n-propoxy group, an 
isopropoxy group, a n-butoxy group, a seo-butoxy group, a 
tert-butoxy group, a n-pentoxy group, a neopentoxy group, a 
n-hexoxy group, a n-octoxy group, a n-dodecoxy group, a 
n-pentadecoxy group and a n-icosoxy group. 

Each of those alkoxy groups may be substltut d with a 
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halogen atom -such as a flu rlne atom, a chlorine atom, a bromine 
atom and an iodine atom; an alkoxy group such as a methoxy 
group and an ethoxy group : or an aryloxy group such as a phenoxy 
group - 

The alkoxy group as Y in the formula [12] is preferably 
an alkoxy group having 1 to 24 carbon atoms , and more preferably 
a methoxy group, an ethoxy group or a tert-butoxy group. 

Examples of the aryloxy group as Y in the formula [12] 
are a phenoxy group, a 2-methylphenoxy group, a 3-methylphenoxy 
group, a 4-methylphenoxy group, a 2 , 3-dlmethylphenoxy group, 
a 2,4-dimethylphenoxy group, a 2 , 5-dimethylphenoxy group, a 
2,6-dimethylphenoxy group, a 3 , 4-dimethylphenoxy group, a 
3, 5-dimethylphenoxy group, a 2 , 3 , 4 - trimethylphenoxy group, 
a 2,3,5- trimethylphenoxy group , a 2 r 3 , 6 - trimethylphenoxy 
group, a 2 , 4 , 5- trimethylphenoxy group, a 

2, 4, 6 -trimethylphenoxy group, a 3 , 4 , 5 -trimethylphenoxy group, 
a 2,3,4,5-tetramethylphenoxy group, a 

2,3,4,6- tetramethyl phenoxy group , 

2,3,5, 6- tetramethylphenoxy group , a pentamethylphenoxy group , 
an ethylphenoxy group, a n-propylphenoxy group, an 
isopropylphenoxy group, a n-butylphenoxy group, a 
sec-butylphenoxy group, a tert-butylphenoxy group, a 
n-hexylphenoxy group, a n-octylphenoxy group, a n-decylphenoxy 
group, a n-tetradecylphenoxy group, a naphthoxy group and an 
anthrathenoxy group « 

Bach of those aryloxy groups may be substituted with 
a halogen atom such as a fluorine atom, a chlorine atom, a 
bromine atom and an iodine atom,- an alkoxy group such as a 
methoxy group and an ethoxy group; or an aryloxy group such 
as a phenoxy group. 
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The aryloxy group as Y in the formula [12] is preferably 
an aryloxy group having 6 to 24 carbon atoms. 

Examples of the aralkyloxy group as Y in the formula 

[12] are a benzyloxy group . a ( 2-methylphenyl)methoxy group. 

a (3-methylphenyl)methoxy group, a ( 4-niethylphenyl)n,ethoxy 

group, a (2,3-dimethylphenyl)iaethoxy group, a 

(2,4-dimethylphenyl)methoxy group, a 

(2,5-dimethylphenyl)methoxy group, a 

(2.6-dimethYlphenyl)methoxy group, a 

(3,4-dimethylphenyl)methoxy group, a 

(3,5-dimethylphenyl)methoxy group, a 
(2,3,4-trimethylphenyDmethoxy group, a 
(2,3,5-trimethylphenyl)methoxy group, a 
(2.3,6-trimethylphenyl)methoxy group, a 
(2,4.5-trimethylphenyl)methoxy group, a 
(2,4.6-trimethylphenyl)methoxy group, a 
(3,4,5-trimethylphenyl)methoxy group, a 
(2,3,4,5-tetramethylphenyl)methoxy group, a 
(2,3.4,6-tetramethylphenyl)methoxy group, a 
(2,3,5,6-tetramethylphenyDroethoxy group, a 
(pentamethyiphenyl)methoxy group, an (ethylphenyl)methoxy 
group, a (n-propylphenyl)methoxy group, an 
(isopropylphenyl)methoxy group, a (n-butylphenyl )methoxy 
group, a (sec-butylphenyl)methoxy group, a 
(tert-butylphenyl)methoxy group, a (n-hexylphenyl)roethoxy 
group, a (n-octylphenyl)methoxy group, a 
(n-decylphenyl)methoxy group, a 

(n-tetradecylphenyl)methoxy group, a naphthylmethoxy group 
and an anthrathenylmethoxy group. 

Each of those aralkyloxy groups may be substituted with 



a halogen atom such as fluorine atom, a chlorine atom, a 
bromine atom and an iodine atom; an alkoxy group such as a 
methoxy group and an ethoxy group; or an aryloxy group such 

as a phenoxy group. 

The aralkyloxy group as Y in the formula [12] is 
preferably an aralkyloxy group having 7 to 24 carbon atoms, 
and more preferably a benzyloxy group. 

Examples of the organoaluminum compound represented by 
the formula 112] are a trialkylaluminum such as 
trimethylaluminum, trlethylaluminum. tri-n-propylaluminum, 
tri-n-butylaluminum, triisobutylaluminum, 
tri-n-hexylaluminum and trl-n-octylaluminum; a 
dialkylaluminum chloride such as dimethylaluminum chloride, 
diethylaluminuro chloride, di-n-propylaluminum chloride, 
di-n-butylaluminum chloride, dlisobutylaluminum chloride and 
di-n-hexylaluminum chloride; an alkylaluminum dichloride such 
as methylalumlnum dichloride, ethylalumlnum dichloride, 
n-propylaluminum dichloride, n-butylaluminuro dichloride, 
isobutylaluminum dichloride and n-hexyl aluminum dichloride; 
a dialkylaluminum hydride such as dimethylaluminum hydride, 
dlethylaluminum hydride, di-n-propylaluminum hydride, 
di-n-butylaluminum hydride, dlisobutylaluminum hydride and 
di-n-hexylaluminum hydride; an alky l(di alkoxy) aluminum such 
as methyl (dimethoxy) aluminum, methyl ( die thoxy) aluminum and 
methyl(dl-tert-butoxy) aluminum; a dialkyK alkoxy) aluminum 
such as dimethyl (methoxy ) aluminum , dimethyl ( ethoxy ) aluminum 
and dime thyl ( tert- but oxy) aluminum; an 

alkyl(dlaryloxy) aluminum such as methyl (dlphenoxy) aluminum, 
methylbls ( 2 , 6-dlisopropylphenoxy ) aluminum and 
methy Ibis ( 2, 6-diphenylphenoxy) aluminum; and a 



dialkyl(aryloxy) aluminum such as dimethyl (phenoxy) aluminum, 

dimethyl(2,6-dlisopropylph noxy) aluminum and 

dimethyl ( 2 , 6 -diphenylphenoxy ) aluminum . 

Among them, preferred is a trlalkylaluminum, further 

preferred is trimethylaluminum, triethylalumlnum, 

tri-n-butylaluminum. triisobutylaluminum or 

tri-n-hexylaluminum, and particularly preferred is 

triisobutylaluminum or tri-n-hexylaluminum. 

These organo aluminum compounds may be used alone, or 
in combination of two or more thereof. 

The ratio of the amount of the contact product (A) used 
to the amount of the compound (B) used is not particularly 
limited. The ratio of the molar amount of the metal atom (M 1 ) 
contained in the contact product (A) to the molar amount of 
the metal atom contained in the compound (B) is generally from 
l to 10000. preferably from 10 to 5000, further preferably 
from 100 to 3000. and particularly preferably from 500 to 2000. 
When using the compound (C) . the ratio of the molar amount 
of the aluminum atom contained in the compound (C) to the metal 
atom contained in the compound (B) is generally from 1 to 10000, 
preferably from 10 to 5000, and further preferably from 100 
to 1000. 

As the catalyst for addition polymerization of the 
present invention, a contact product obtained by preliminarily 
contacting the contact product (A) and the compound (B) , 
optionally, further the compound (C) may be used, and they 
may be also used by being separately charged in a polymerization 
vessel. The arbitrary two components among them may be also 
previously contacted, and further, another component may be 
also contacted. 



Examples of the addition polymerizable monomer in the 
present invention are an olefin, a diol fin, a cyclic olefin, 
an alkenyl aromatic hydrocarbon and a polar monomer. A 
combination of two or more thereof may be used. 

Examples thereof are an olefin such as ethylene, 
propylene, 1-butene. 1-pentene. 4-methyl-l-pentene-l , 
5 -methyl -l-hexene, 1-hexene, 1-heptene, 1-octene, l-nonene, 
l-deoeneandvinylcyclohexane; adiolef in such as l , 5-hexadlene. 
1,4 -hexadiene, 1 , 4-pentadiene , 1 . 7-octadiene, 1 , 8-nonadiene, 
1 , 9-decadlene , 4 -methyl- 1 , 4-hexadiene , 
5 -methyl -1,4 -hexadiene , 7 -methyl - 1 , 6 - o c t adiene , 
5-ethylidene-2-norbornene, dicyclopent adiene. 
5-vinyl-2-norbornene. 5-methyl-2-norbornene, norbornadiene , 
5-methylene-2-norbornene. 1, 5 -cyclooct adiene, 
5 , 8-endomethylenehexahydronaphthalene , 1 , 3-butadiene, 
isoprene. 1.3 -hexadiene, 1 ,3-octadiene, 1 , 3-cyclooct adiene 
and 1,3-cyclohexadlene; a cyclic olefin such as norbornene, 
5-methylnorbornene, 5-ethylnorbornene, 5-butylnorbornene, 
5 -phenylnorbornene , 5-ben2ylnorbornene , tetracyclododecene . 
tricyclodecene , tricycloundecene, pentacyclopentadecene , 
pentacyclohexadecene , 8-methylt etracyclododecene , 
8-ethyltetracyclododecene, 5-acetylnorbornene , 
5-acetyloxynorbornene. 5-raethoxycarbonylnorbornene, 
5 -ethoxycarbonylnorbornene , 

S -methyl- 5 -methoxycarbonylnorbomene . 5 -cyanonorbornene , 
8 -me thoxycarbony It etracyclododecene , 
8 -methyl- 8 - tetracyclododecene and 

8-cyanotetracyclododecene; an alkenyl aromatic hydrocarbon 
such as an alkenylbenzene (e.g. styrene. 2-phenylpropylene. 
2-phenylbutene and 3-phenylprojpylene) , an alkylstyrene (e.g. 



p-methylstyrene, m-methylstyrene, o -methyls tyrene, 
P -ethyls tyrene, m- ethyls tyrene. o- ethyls tyrene, 
2 , 4 -dimethyls tyrene , 2 , 5 -dimethyls tyrene . 
3 , 4 -dimethylstyrene . 3 . 5 -dimethyls tyrene , 
3~methyl-5-ethylstyrene, p-tert-butylstyrene and 
p-sec-butylstyrene). a bis (alfcenyl) benzene (e.g. 
dlvinylbenzene) and an alkenylnaphthalene (e.g. 

1- vinylnaphthalene); and a polar monomer such as an a,$ 
-unsaturated carboxylic acid (e.g. acrylic acid, methacrylic 
acid, fumaric acid, maleic anhydride, itaconic acid, itaconic 
anhydride and bicyclo( 2 , 2 . 1) -5-heptene-2 , 3-dicarboxylic 
acid ) , andmetal salts thereof (e.g. salts of sodium, potassium, 
lithium, zinc, magnesium and calcium), an a , B -unsaturated 
carboxylic acid ester (e.g. methyl acrylate, ethyl acrylate, 
n-propyl acrylate, isopropyl acrylate, tert -butyl acrylate. 

2- ethylhexyl acrylate. methyl methacrylate , ethyl 
methacrylate. n-propyl methacrylate , isopropyl methacrylate , 
n-butyl methacrylate and isobutyl methacrylate), an 

i 

unsaturated dlcarboxylic acid (e.g. maleic acid and itaconic 
acid ). a vinyl ester (e.g. vinyl acetate, vinyl propionate, 
vinyl capronate. vinyl caprate. vinyl laurate, vinyl stearate 
and vinyl trif luoroacetate) , and an unsaturated carboxylic 
acid glycidylate (e.g. acrylic , acid glycidylate. methacrylic 
acid glycidylate and itaconic . acid monoglyeldylate) - 

The catalyst for addition polymerization of the present 
invention can be applied to homopolymerzation or 
copolymerzation of these monomers . Examples of a combination 
of monomers constituting the copolymer are ethylene and 
propylene; ethylene and 1-butene; ethylene and 1-hexene; and 
propylene and 1-buten . 



Th catalyst for olefin polymerization according to the 
present invention is particularly preferable as a catalyst 
for olefin polymerization, and is preferably us d f or a proc ss 
for producing an olefin polymer. The olefin polymer is 
particularly preferably copolymers of ethylene with an a 
-olefin. Among them, preferred is a copolymer of ethylene with 
an a -olefin having a polyethylene crystal structure. The a 
-olefin has preferably 3 to 8 carbon atoms , and examples thereof 
are propylene. 1-butene, 1-hexene and 1-octene. 

A polymerization method is not particularly limited. 
For example, there can be exemplified a solvent polymerization 
method and a slurry polymerization method, in which an aliphatic 
hydrocarbon (e.g. butane . pentane , hexane , heptane andoctane ) , 
an aromatic hydrocarbon (e.g. benzene and toluene) or a 
halogenated hydrocarbon (e.g. methylene dichlorlde) is used 
as a solvent; a bulk polymerization method, in which 
polymerization is carried out in a liquid monomer; a gas phase 
polymerization method, in which polymerization is carried out 
in a gaseous monomer; and a high-pressure polymerization method, 
in which polymerization is carried out in a supercritical liquid 
condition at a high temperature under a high pressure. As a 
polymerization type, either of a batch-wise type and a 
continuous type is possible. Further, polymerization may be 
carried out in two or more steps having different polymerization 
conditions from each other. 

A method of feeding the respective components in a 
reactor is not particularly limited. Examples thereof are a 
method of feeding them in a solid condition; and a method of 
feeding them in a condition of a solution, a suspension or 
a slurry, using a hydrocarbon solvent, from which components 
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deactivating catalyst components such as moistur and oxygen 
are completely removed. Bxamples of the solvent are the 
above-mentioned aliphatic hydrocarbon (e.g. butane, pentane, 
hexane, heptane and octane) , aromatic hydrocarbon (e. g. benzene 
and toluene) and halogenated hydrocarbon (e.g. methylene 
dichlorlde). 

When using the contact product (A) and the compounds 
(B) and (C) in a soutlon, suspension or slurry, each of the 
contact product (A) and the compound (C) is used in a 
concentration of usually from 0.0001 to 100 mmol/liter, and 
preferably from 0. 01 to 10 mmol/liter, in terms of the amount 
of metal atoms contained therein. A concentration of the 
component (B) is usually from 0.0001 to 100 mmol/liter, and 
preferably f rom 0 . 01 to 10 mmol/liter. in terms of the amount 
of a metal atom contained therein. 

The polymerization temperature is usually from -100 to 
350*0. preferably from -20 to 300=0, and more preferably from 
20 to 300*0 . The polymerization pressure is usually from 0 . 1 
to 350 MPa, preferably from 0. 1 to 300 MPa, and more preferably 
from 0.1 to 200 MPa. In general, the polymerization time can 
be appropriately determined according to the kind of a desired 
polymer and a reaction apparatus , and a range of from 1 minute 
to 20 hours can be adopted. In order to control a molecular 
weight of an addition polymer, a chain transfer agent such 
as hydrogen may be added. 

Examples 

The present invention is further illustrated in detail 
according to Examples and Comparative Examples below, but the 
present invention is not limited thereto. 
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The measurement values of r spective items in Examples 
were measured according to methods d scrib d below. 

(1) Content of a -olefin unit in polymer 

The content of an a -olefin unit in an obtained polymer 
was determined from an IR absorption spectrum, wherein the 
measurement and calculation were carried out hy using 
characteristic absorptions derived from the a -olefin, 
according to a method described in "Die Makromoleculare Chemie . 
177. 449 (1976) McRae, M. A., Madams, W. F-". The result was 
shown as the number of a short chain branch per 1000 carbon 
atoms (short chain branch degree : SCB) . The IR absorption 
spectrum was obtained by a measurer ent using an infrared 
spectrometer (FT-IR7300. manufactured by NIPPON BUNKO Inc. ) . 

(2) Molecular weight and molecular weight distribution of 
polymer 

They were determined under the under-mentioned 
conditions according to a gel permeation chromatography (GPC) . 
A calibration curve was prepared using standard polystyrenes . 
Molecular weight distribution was evaluated by a ratio , (Mw/Mn) , 
of a weight average molecular weight (Mw) to a number average 
molecular weight (Mn) : 

equipment: 150C type, manufactured by Milipore Waters 

Co. . Ltd. , 

column: TSK-GEL GMH-HT, (7.5 X 600) X 2 columns 
(manufactured by Tosoh corporation), 
measurement temperature: not;, 
solvent: o-dichlorobenzene, 
measurement concentration: 5 mg/S ml, and 
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detector : ref ractometer - 



Example 1 

(1) Preparation of contact product 

into a 100 ml four-necked flask purged with argon. 40 
ml of toluene and 1 ml of ahexane solution of ZnEt 2 ( concentration 
of ZnEt a 2.02 M) were added. Thereto, 0.292 ml of a toluene 
solution of pentafluorophenol (concentration of 
pantafluorophenol : 2-77 M) was added dropwise at room 
temperature. Thereafter, 29.1 Ml (1.615 mmol) of water was 
added dropwise with a mlcrosyringe at room temperature. After 
completion thereof, the mixture was stirred at 70 TC for one 
hour. The reaction mixture was a yellow slurry. Thereto, 116.3 
mg (0.217 mmol) of methyiaioctadecylamine and 10 ml of toluene 
were aded . The mixture was stirred at 7 0 V for one hour , thereby 
obtaining a yellow slurry (hereinafter, referred to as -slurry 
<D"). A concentration of Zn contained in the slurry (D was 
calculated to he 40 Atmol-Zn/ml. 

(2) Polymerization 

After drying under vacuum an autoclave reactor having 
an inner volume of 400ml equipped with a stirrer, and replacing 
the atmosphere thereof with argon. 190 ml of hexane as a solvent 
and 10 ml of 1-hexene as a comonomer were charged, and the 
reactor was heated to 70 Then, ethylene was fed while 
adjusting at an ethylene pressure of 6 kg/cm 2 . After the system 
was stabilized, 250 wmol of triisobutylaluminum was charged, 
successively, 0.05 Mmol of ethylenebis(indenyi) ziconium 
dlchloride was charged, and further 2.5 ml of the slurry <D 
(100 wmol-Zn) was added. Then, polymerization was carried out 
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for 30 minutes. As a r s«lt. 9.79 g of an ethylen -1-hxen 
copolymer was obtained. The polymerization activity. SCB. Mw 
and Mw/Mn were 3.9 x io« g/mol-Zr/hour , 15.42, 63000 and 2.0. 
respectively. 



Example 2 

(1) preparation of contact product 

Example 1 (1) was repeated except that the added amount 
of methyldioctadeoylamine was changed to 224 . 6 mg { 0 . 419 mmol) . 
As a result, there was obtained a yellow slurry (hereinafter, 
referred to as "slurry ©"). A concentration of Zn contained 
in the slurry <2> was calculated to be 40 wmol-Zn/ml. 



(2) Polymerization 

Example 1(2) was repeated 
changed to the slurry <2>. As a 
ethylene- 1-hxene copolymer was 
activity, SCB, Mw and Mw/Mn were 
71000 and 2.0, respectively. 



except that the slurry CD was 
result, 4.04 g of an 
obtained. The polymerization 
1.8 X 10* g/mol-Zr/hour, 10.2, 



Example 3 

(1) Preparation of contact product 

Example 1 (1) was repeated except that the added amount 
of water and the added amount of methyldioctadeoylamine were 
changed to 32.8 (il (1-82 mmol) and 226-1 mg (0-422 mmol). 
respectively. There was obtained a yellow slurry (hereinafter, 
referred to as "slurry ®"). A concentration of zn contained 
in the slurry (D was calculated to be 40 /xmol-Zn/ml . 



(2) Polymerization 



10 
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Example 1 (2) was repeat d except that the slurry © was 
chang d to the slurry CS>. As a r suit, 6.04 g of an 
ethylene-l-hxene copolymer was obtained- The polym rlzatlon 
activity was 2.4 X 10 8 g/mol-zr/hour . 

Example 4 

( 1 ) polymerization 
Example 3 (2) was repeated except that the charged amount 

of ethylenebis ( indenyl) ziconium dichloride was chamged to 0 . 2 

Mmol. As a result, 10.5 g of an ethylene-l-hxene copolymer 

was obtained. The polymerization activity and SCB were 1.0 

X 10° g/mol-Zr/hour and 18.43, respectively. 

Comparative Example 1 

15 (1) Preparation of zinc compound 

Example 1 (1) was repeated except that 
methyldioctadecylamine was not used. There was obtained a 
yellow slurry (hereinafter, referred to as "slurry <D" ) . A 
concentration of Zn contained in the slurry <D was calculated 

20 to be 40 Almol-Zn/ml. 

( 2 ) Polymerization 

Example 1 (2) was repeated except that the slurry <D was 
changed to the slurry <5>. As a result, 1.49 g of an 
25 ethylene-l-hxene copolymer was obtained. The polymerization 
activity, SCB. Mw and Mw/Mn were 6 . 0 X 10 7 g/mol-Zr/hour . 11.12, 
72000 and 2.2, respectively. 
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